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Foreground 


Tektronix (shortly “Tek”) is today a large company, founded in 1945, building electronic instruments. 
For most of my generation, Tektronix “is” the oscilloscope itself. Many others came after Tek in the oscil- 
loscope market, and Tek’s activity has not been limited to oscilloscopes, but, for us, the word “Tektronix” 
is and will remain the synonym of oscilloscope. 


In 1973, the 7603 was for most of us an impossible dream, like a Ferrari or a Jaguar. I remember that, 
when I was at the university and by my own I started to work on microprocessors, asked my Professor 
to be allowed to use it. “No”, he said, “it's too early”. And then added: “...and forget this microprocessor 
thing. They have no future...”. I had to wait another year and a new professor, who became my partner 
in the first company I founded. 


My first “true” oscilloscope, in 1974, was a Tektronix 545. It was very heavy (if I correctly remember, it 
used near 50 tubes...) and I bought it in Milan, far about 300 km from home. But how to carry it home 
by train? I asked the help of a friend, and of my girlfriend at that time, Margherita. It was hard, but we 
succeeded. When we came home, I was attacked by the parents of Margherita, who thought we were es- 
caped for love... (in the seventies the world was different). At the end, I could prove the truth, but that 
did not produce a better idea of me... “Really for what... an oscilloscope? Sis, said her brother, you'd 
better find a different boyfriend...”. Later, I wrote an article for an Italian magazine (Dec 1974), based 
on that 545, that I repaired and calibrated. It is shown here on the left and can be still today down- 
loaded from the Internet. 


Returning to today, in my taste, the seventies Tektronix scopes are the most fascinating, and I own to- 
day an unreasonable number of them; I will show you the pieces I love more. 


Why this book? Simple: I love this kind of equipment. Wonderful classic equipment, that made the his- 
tory of the technology, and that today we have the pleasure to preserve for the future. 


I hope that these pages will be appreciated by others who, like me, like these witnesses of a distant era. 


Giovanni “Gianni” Becattini (giovanni.becattini@aep-italia.it) 


Introduction 


Organization of this book 


Behind this book there is a huge work of Internet research and photo editing, 

but not only. I didn’t want just to collect and reproduce material from third- 

parties, so I did my best to talk only about equipment that I really own, and 
about things that I could really test. 


The information here contained is huge, so, to make the things more 
understandable, I divided the book in five main sections, identified by a 
color, reported on the right side of each right page (the last section is 
contained in the volume 2): 


7000-Series key points The green section 


NOTICE: I don’t claim any historical rigor, I am not an expert of this matter. 
Even though I am an electronics professional, in this case I work as a simple 
enthusiast, with limited means and a home laboratory. If I wrote something 
wrong, or infringed somebody else’s rights, please write me and I will amend 
consequently. 


COPYRIGHT: | wish to keep the copyright of this book. Besides that, this book 
is absolutely free, I wrote it just for my amusement. You can copy, print and/or 
distribute it as you want, and even sell, if you can, provided that you don't 
modify it. 

PLEASE LINK ME: If you like, I will be grate if you link its download page 
(http://www.k100.biz/parade.htm). 
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New in this edition 


Four new plug-ins 
° 7A16P 
° 7Al9 
¢ 7D12+M2 
7BOZA 


Reviving old tek cameras 


¢ Transform to digital an old 
Tektronix photo camera with a 
inexpensive webcam 


The High Efficiency Power 


Supply 

¢ Fifty pages about repairing the 
“black beast” that energizes the 
major 7000-Series oscilloscopes 


Why there are no page references in this book? 

I made the mistake of using Affinity Publisher to edit this book and it simply, even in its second 
version, ... does not support neither page references, nor hyperlinks (and furthermore it has a lot 
of stability problems). That’s the reason for using indirect references to other parts. Apologize... 


High voltage circuits 


e Analysis of the HV CRT circuits 
¢ How to investigate them 
¢ The DC restorers 


The 11000-Series 


¢ A deep analysis of the 7000-Series heirs 
e History of the project 

¢ Tons of photos 

¢ Contained in volume 2 


A lot of additions, correction, extensions 


The 7704, first of the 7000-Series 
Technical articles from other Authors 
HP 180, 54100, 54502, 54540 (vol. 2) 
New board maps with labels 
Radioactivity 

More on the writing speed 

Vertical amplifiers 


7854 programming 

New EPROM board from VintageTek 
Optical filters 

Relay exerciser 

Semiconductor checking 

Flat cable connectors 

Etc. 


Introduction 


Tekiron 


x ag GOmE 


Three eras together: the 7000-Series 7844 from 
the seventies , the 80-90s 11403, and, in back- 
ground, the Collins R392/URR tube gnilitary radio 


receiver from the fifties. 


Preface to this HO4 edition 


As you can see from the previous page, this edition had been furthermore extended, and goes 
beyond the 7000-Series. The book was getting too large, so I split its contents, and created a second 
volume, still free, which tries to understand the “future of the past”, i.e., the gradual evolution from 
the 7000- to the 11000-Series. The two volumes together count now more than 670 pages. I have 
been working a lot, and hope that you will like them. 


An important news is the contribution from third parties. I warmly thank two real experts, Dr. 
Hugo Holden. and Dr. Eldon Berg, for having allowed me to report their texts. 


Iam now broadening my interests to other models oscilloscopes: beyond the “new” 11000-Series, I 
added some notes and photos of a few Hewlett & Packard models. 


Any suggestion, contribution, correction or critic is as always welcome. 


To make easier pointing out the differences with the previous edition, check the pages 


marked with the green “Eo4” circle (volume 2 is entirely new). 
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Tektronix cones vol. 1 
The 7000-Series 


Includes the 
Tektronix 465 


580 pages 


Tektronix oscilloscopes 


Vetus t: Sak Series ric. 


4 Tektronix oscilloscopes vol. 2 
| The 11000-Series 


Includes the 
HP 54502A 
and 54540A 


Tektronix oscilloscopes eae aees 
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surplus photo-parade 
Old military surplus radio poupment 
and instruments 


164 pages 


ae el : 


A fragment of techni logy history eset ‘notes of the most-known military surplus radio and 
electronic equipment from ; 


Gianni Becattini free books 


All these books are related to vintage electronic equipment that had an important role in building 
the technological world that we know today: the military radio receivers and transmitters who 
allowed to keep this world free, and Tektronix instruments which were the base tools for most of the 
technical and scientific research in the years from WW2 to the end of 2oth century. 
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I tried to transmit you the look and feel of these wonderful equipment, conjugating the graphic 
aspect with information about them and their history, technical notes, and some tips for those who 
wish to restore and preserve them from the wear and tear of the time. 


These books are not sponsored and totally free. You can download them from: 
¢ http://www.k100.biz/parade.htm 
¢ https://archive.org (search “Becattini Tektronix” or “Becattini Surplus”) 


Includes Wireless Set N.19, AN/ART-13 transmitter, BC-348 receiver, R-44/ 
ARR-5 receiver, R-45/ARR-’, R-107 receiver, R-91/ARC-2, Collins 51d 
receivers, R-690A/URR, R-648 / ARR-41, R-725/URR, AN/GRC-7, RT-70, RT- 
66, RT-67, RT-68, AN/GRC-19, R-492/URR receiver, T-195 transmitter, 


Allocchio Bacchini AC-18 receiver, Racal RA1’, Siemens E309, Siemens 
E311, G133F receiver, Geloso G4/216, TV-7/U tube tester, LAEL 755, ZM- 
8/U, ZM-11/U, TS-505/U, Pantec Major, Chinaglia VIVM 1001. Hewlett 
Packard HP400H, URM-191, TS-585/U, BC-221, TS-375/U, TS-497/URR 


What’s an oscilloscope? 


An oscilloscope is, for the electronic engineer, what the microscope is for the biologist: an instrument 
that allows to overcome the limitations of our senses, to see something that is too small or too different 
from us to be investigated. 


Basically, an oscilloscope is an instrument capable to see the rush of moving electrons, or, more 
precisely its effects, i.e. to measure voltage trends in the time domain, in an electric wire. 


Introduction 


The oscilloscope shows its results thru a graphic display as a two-dimensional plot; in the x-axis you 
have the time and in the y-axis the voltage value. So, it is possible to analyze the electric signal, to 
measure its properties (such as amplitude, frequency, rise time, time interval, distortion etc.). 


We could do the same thing with a voltmeter and a watch: at time zero you read the value indicated by 
the voltmeter and write it down on a sheet. After a minute, you read again the voltmeter value and, 
again, write the new value on the sheet, constructing an x-y plot. After two minutes, again... But if you 
need to do the measure every two seconds, things become more difficult, and more for shorter times. An 
oscilloscope like the 7904, allows to trace the trend of the voltage down to half. billionth of a second 
per each division on the screen. 


Before the 7000-Series, subject of this book, those values required manually measuring the waveform 
against the scales built into the screen of the instrument. The quality of the display (Cathode Ray Tube 
or CRT) was thus very important, and Tektronix was a leader producing high quality CRTs. 


Today, Digital Storage Oscilloscopes (DSO) are capable of analyzing automatically the signals, 
calculating and displaying the required values. But already with 7000-Series, new plug-ins were 
gradually introduced, with the purpose of automatic analyzing the signal. For example, the 7D15 plug- 
in was capable of automatically evaluating and presenting on the CRT precise values such as frequency 
or period, without the need for the operator to measure the waveform on the screen (a sample here in 
the right). 


Oscilloscopes are used not only by electronic technicians, but in the sciences, medicine, engineering, 
automotive, telecommunications industry etc., whenever a physical quantity can be converted to an 
electric signal. For instance, to display the waveform of the heartbeat (electrocardiogram). 


TekWiki é& documents 


In the first seventies, owning a Tektronix was an impossible dream for many of us. Getting hold of a 
thick and wonderful Tektronix catalog was not easy, but easier. At that time, documents were 
precious, not as today that we can easily download them from the net. To have or not to have, 

that was the point. Iremember that I could get, don’t remember how, a 1973 catalog. How 

much I studied it! So much that I consumed its pages and that even now I remember its 

colors and the smell of the ink. 


Introduction 


Today we are so lucky to have a priceless tool called TekWiki : 


“TekWiki is a wiki for the community of Tektronix oscilloscope enthusiasts. The purpose of this 
website is to help people get information about classic Tektronix equipment. There is 
nothing for sale here. You don't need an account if you just want to read pages and 
download files.” 


It is a real treasure trove of information, a true place of delights for crazy 
people like us. We must thank you, TekWiki, if today we are able to 
restore that old stuff. A large part of information here comes from 

Tek Wiki. 


The VintageTek 
Museum 
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The ugly duckling 
é T'ek Pride 


When, after forty years, I started again tinkering with old electronics outside my work, e.g. 
collecting old Tektronix scopes, many made fun of me. My wife was even contemplating getting me 
examined by a doctor: “it is an acclaimed case of accumulative-compulsive mania”, she said. 


VintageTek Museum 


So I tried working silently in the darkness... But then, like the ugly duckling, I started discovering 
that there were others like me, loving and collecting that old stuff; groups with thousands of 
members, and even a Museum! 


So I changed my attitude, and, being proud of my “diversity”, I started writing this book, dedicated 
to other silly old-aged boys who find fascinating these time capsule from another era. 


TI reached the top discovering, after Tekwiki and other forums, the VintageTek Museum, that I will 
present in the following pages, to to give courage to other ugly ducklings. 
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The VintageTEK 
Museum 


VintageTEK is a charitable, educational and scientific museum founded to commemorate the early 
history of Tektronix. The museum and website is dedicated to displaying Tektronix products which 
enabled generations to create the future, and in memory of those employees contributing to this 
legacy. Let them describe with their own words: 
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We do not have predefined tours and tailor the experience to the age and interests of the volunteers. The 
museum is filled with working Tektronix products from about the first 50 years of the company. The tours can 
focus on many different aspects including the instruments and their uses, the technology that enabled these 
products, applications in industry and research, individuals that enabled these products, and to stories about the 
company. 

We play company videos specific to products and applications, and history and capabilities of the company. We 
also have an interactive library for patents up through 2010 and employee photos prior to May 1970. 


We have hands-on demonstrations for visitors of all ages and have toured students at age 8 up to seniors. These 
include sounds, games, computer graphics, music, and science. 


Due to the highly interactive nature of the tours, it is best for smaller groups. We typically accommodate larger 
groups with more volunteers to conduct multiple tours simultaneously. Our regular open hours are updated here 
on our website but we will strive to accommodate your schedule if a volunteer is available, and admission to the 
museum is free. 


I wish to add few words. Iam an entrepreneur, going to retire in one or two years. I started as a 
student, and now I am old. In my life I hired a number of young people, helping them to grow up 
whenever I could. I strongly believe that the spirit, the principles of VintageTEK are those that can 
really help having a long and satisfactory job life. I subscribe them hundred per cent. 


TREASURES: three early Tektronix instruments. The Type 101 Video Calibrator on the left is Tektronix first product. Not the same instrument type 
as the first product, but the exact first product that ever came out of their plant. The serial number is 11461 which translates to November 1946 
#1. They produced 10 and none sold. Their purpose was to give the manufacturing line something simpler to start with. 
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I used to work there 


by Dr. Eldon Berg 


In July 1973 right out of college, I went to work for Tektronix. I was in Beaverton for 6 months of 
training as a Field Engineer. They rented an apartment for me and I spent 8 hrs per day learning all 
the ins and outs of every product. It was fantastic since I had studied electrical engineering at the 
University of Washington, Seattle. A few years before, while in college, I was building electronic 
devices for 

income and had purchased a Tektronix 5103 scope with my own money. 


The 7904 was my favorite scope and of course, it was the state of the art at the time. I spent 2 years 
selling scopes in Sunnyvale, San Jose, Mt View, and Cupertino. It was great, a company station 
wagon with most of the time full of state-of-the-art scopes. In the evenings I could tinker at will with 
all the latest scopes at my disposal. I would troubleshoot Altair 8800 microcomputer kits that friends 
were assembling in the early Personal computer revolution. During the day I was demoing and 
providing assistance with Tektronix instruments. The products sold themselves. The slogan we had 
was that "Nobody got fired for buying Tektronix." 


While in sales I had an idea to expand the DM43 which was on the 465 & 475 scopes to older scopes. I 
presented the idea to engineering and ended up getting an offer to move to Beaverton and work as a 
design engineer. I worked in the TM500 group on the DM501 and a new microprocessor-controlled 
voltmeter, the predecessor of the DM506 voltmeter. After more than a year of work, it was 
determined by marketing we needed to shelve the work and do a market survey. It was disheartening 
because we were THE market for what we were building so the project was halted. I Myself and most 
of the others on the design team either found other jobs in Tek or moved on outside the company which 
is what I did. I left Tektronix in 1978 after over 5 great years. 


Iam now retired after doing some design but mostly the last 35 years have been in microprocessor 
software. 
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The ‘7OOO-Series 
project key points 


Here we will retrace the birth of the 7000-Series, briefly analyzing the many innovative solutions in 
it implemented. 


Why so popular’? 


Today the 7000-Series is still very popular among the electronics enthusiasts and collectors, as 
witnessed by the number of eBay ads and by the forums on this topic. 


A reason is surely that many of them are the yesterday’s boys who used, loved or simply wished 
those old instruments, or who could not afford them in those years. 


Another reasons are that the 7000-units are still reasonably simpler to repair, and that, thanks the 
work of many supporters, like TekWiki and VintageTek Museum, almost all the original 
documentation is today available on the Internet. 


I don’d mean that they are simple to repair, but in most cases the restoration is possible. Many 
spare parts are available, and only a rare IC or a CRT has a good probability to stop your work. 
The required instruments, in most cases, are just a VOM, an oscilloscope and few other. 


Furthermore, most of the 7000 units have not that terrible component called software, so you 
normally can try to understand everything and don’t risk to be cut out from the problem. 


Almost all the guys I got in contact are moreover very nice and friendly: there is a kind of 
brotherhood among us, who can understand each other, in a world of wives that ask how can one 
be so stupid to fall in love with an old oscilloscope... 


7000-Series key points 


HO4 


A bit of history 


We cannot talk about Tektronix without telling something about its history. As stated, I don’t 
consider myself an expert, neither an Historian, but I could find on the Internet very interesting 
documents and I couldn't help but trying to tell you what I learnt. 


One of the documents I am speaking of is “ON THE HISTORY AND ENVIRONMENT OF TEKTRONIX”, 
some basic information about Tektronix history, instrument concepts, technology, and some overviews of related 
industries, important customers, and key competitors.” (1978) 


I find it interesting, above all for the spirit that comes out of it: the spirit of many guys with a giant 
passion for their work, and for the products they were designing and producing. As an old 
entrepreneur, I strongly believe that a book like that should become a mandatory matter at the 
university, for all those who want become an engineer. A spirit that is today more and more often 
forgotten in favor of cold business plans and Excel spreadsheet. And it is for this timeless spirit, that I 
believe that we should remember the great Tektronix, even before than for the oscilloscopes or 
market shares. 


In that book, I could also find situations that I have been living dozen of times in my life. For example, 
when, in 1966, they had to quickly design the 7000-Series, after a first indifference by the 
management, with an incredible drag 
when they learnt that Hewlett- 
Packard was going to introduce the 
180-Series. 


Ican imagine the worries, the 
sleepless nights, the right and the 
wrong ideas, and all that incredible 
work that eventually led to those 
7000-Series super-successful 
instruments. Thank you, guys! 


Here some pictures from the Tektronix house organ 
“Tekscope” of October 1969, where the 7000-Series 
was presented. 
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Another very interesting document, is the October 1969 
issue of Tekscope house organ, where the 7o00-Series is 
presented, from which I will report large excerpts (with 
diffarant typography, to distinguish them from my notes), to 
relive the atmosphere of that moment, and to better 
understand which was the inner approach to these new 
products and the mental attitude that led to their 
development. 


7ooo-Series key points 


More than “yooo", they used to call them the NEW 
GENERATION, briefly NEW GEN, a term today used 
even too often, but that, in this case, was really well 
suited, 


Performances were important: 150MHz and 5m¥, 
were, at that time, relevant figures, but you can feel 
that performances were, yes, important, but it was 
just ...a due act! A Tektronix oscilloscope couldn't 
not have them. 


But what that more excited the architects of the 
new instruments were the absolute novelties that 
they embodied and that we wnill try together to 
retrace in the following pages. 


@® The Gotober 186¢ Takecope leswe cover. 

®@ Ag we will see later, performances were obbalned also with the 
extengive gae of castor Te. In the ploture, the beawtlfol interbor 
of the TAZG popular vertical amplifier, capable of 200MHs BW. 


Human | 
engineering 


We could call it today “user experience” or “ergonomics”, but, at that time, these 
words had not been coined, so Tek called it “Human Engineering’. 


As we will state, the new instruments were setting new important challenges: they 
had to be performing, innovative and rich of functions, but once the choice of plug- 
in size for the 7000-Series was determined (66W x 127H x 361L mm), it became 
evident that a new approach was required, not only for the components, but also 
in the pane logic and layout, if they wanted that the new capabilities could be 
understood and easily used. 

“As a result of a joint effort between component development engineers, circuit engineers, 

mechanical engineers, and industrial design engineers, suitable Tektronix components were 

developed. Once these new components were available, it was then possible to design an 


instrument front panel considerably different than before. The result is the radically new and 
logical front panel layouts of the 7000-Series and the R5030. 


The miniature lighted push buttons were designed to eliminate function selector switches and 
rotary switches wherever possible. Rows of miniature lighted push buttons quickly indicate 
the status of all controls where a choice must be made. 


The push-button spacing has been given considerable attention. Since the finger is oval, not 
round, vertical and horizontal requirements are different. The curvature of the finger and how 
far you have to push determines the minimum spacing of the buttons. This spacing has been 
closely calculated and as a result, there is more finger space than is present in commercially 
available push buttons used in the Type 184. These self-cancelling push buttons are one of 
the greatest contributors to the simplified front panel logic of these new instruments. 


A logical and consistent use of front-panel color coding identifies specific functions and 
simplifies front-panel logic.” 


After more than half a century, the 7000-Series oscilloscopes are still beautiful and 
even more pleasant to use than modern ultra-complex touch screens! 
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The plug-in -. a = 
winning idea a 


The plug-in concept was not new, for example it was already present in the old 500-Series, but in the 
7000-Series it reached the top, and its intelligent declination was perhaps one of the greatest reasons of 
the success. At the moment of the presentation, only 13 plug-ins were available, but Tek underlined the 
the new equipment was designed to be the most expandable line of oscilloscopes ever developed. And it 
was. More than 65 different drawers were eventually available. 


The first 7504 and 7704 had four bays for plug-ins, then reduced to three in the successful 
74q/7ixx models. Horizontal and vertical plug-ins are interchangeable and, as we will see, 
allow a lot of different modes of operation. ; 
The plug-ins were built very well indeed, and, apart for having to switeh off the 
power, the drawers exchange is almost immediate. We will speak more on them 
later. 
In the photo balow, the internal of a drawing (in this cage the 7HS3A double time basa, atandard & delaying). The F 7s me aa 
construction is wonderfal and allows rapalra wlth not too many probleme. 5 a nm * | \ ) = 
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tl >. Attention to user protection is not only from these 
) \ Cathoade-nay Ludes “ 
‘ 1 j “The 7704 incorporates a special face plate design to 


ensure that X-ray radiation is attenuated well below 


. ant 7. 51 camera) using Tektronix standard P31 phosphor with no the TV standard recommended by the National 
Tektronix was for CRTs what Stradivari was for violins. For the film fogging. This photographic writing speed is more than Cauncilion Radiation ere leeiion and Mescurement 


7000-Series, they introduced new CRTs, defined “large”, that will twice that of the Type 454 with P31 phosphor.” (100% duty cycle raster with full intensity). In addition 
be furthermore increased with the 7603-Series: circuitry has been included to limit 


“The heart of any oscilloscope is the cathode ray tube. The 

ceramic post-deflection accelerator CRT's developed for the 
Tektronix 7000-Series Oscilloscopes offer significant 
improvements over CRT's currently available. The 8 x 10cm 
viewing area provides a large bright display with high writing 
speed.“ 


7000-Series key points 


4 An important point, today totally forgotten, was the 
ability to take photos of the screen: 


“Both the 7504 and 7704 can easily record an 8-cm single-shot photo of 
their rise-time, using standard Tektronix P31 phosphor, without employing 
film fogging techniques.” 


Often, technical construction details of the tube were not 
completely understood by us normal users: 


“The new Tektronix CRT's use a frame-grid construction. Frame-grid 
CRT's employ scan expansion and provide a very good compromise of 
deflection sensitivity and writing speed. Because frame-grid 
conductors run only in the vertical direction, electron-beam 
transmission is nearly 50% greater than most mesh 
construction tubes. The result is a high writing-speed tube 
with very good linearity and sensitivity (e.g., the 7704 CRT 
vertical sensitivity is about 3,3 V/cm) over a full 8 x 10 
division scan. Good horizontal sensitivity is achieved by 
placing the frame grid as far forward as possible into the 
post accelerator field. This causes the field lines to 
curve around the front of it sufficiently that the effect on 
the electron beam is similar to a curved horizontal 
plane. Thus many of the advantages of a mesh are obtained 
with few disadvantages. The 7704 CRT is operated at 24 kV and 
provides a specified minimum writing speed of 3300 cm/p.s (with C- 


\\ a the 
maximum possible 


high voltage to keep the 
specification well within this figure.” 


Today the CRT has been replaced by 
color TFT displays with touch screen, 
but the magics of the old cathode-ray 
tube remains unmatched. 


Archite ctural 
decisions 


It is evident that, when designing a modular 
oscilloscope, you will have to decide where to put the 
dividing line between the mainframe and the sub- 
modules, 1.e., the plug-ins. 


In Tektronix, they decided to keep in the mainframe 
a large part of the amplification chains, both for the 
vertical and for the horizontal channels. 


“Placing the plug-in interface before the oscilloscope 
amplifier provides a number of important advantages. For 
maximum versatility, we have chosen a plug-in output of 
25 mV/div at 0 volts in a 50-ohm environment. This 
convenient interface will allow us to take the maximum 
benefit of new developments in components and in signal 
conditioning. In addition, as future oscilloscopes evolve, 
changes in display sensitivities are easily accommodated 
with the buffering vertical amplifier. 


Although this design choice increases the initial price of 
the oscilloscope, it decreases the price of each plug-in. 
With the vertical amplifier in the oscilloscope, it is not 
necessary to build an output amplifier for each plug-in and 
this saving may be passed along to the customer.” 


@ In all 7000-Series mainframes (in this case the 7923A), the horizontal am- 
plifier stands horizontal, and the vertical stands vertical. Both are very acces- 
sible and easy to replace or service. 

@ A detail of the 7623A, storage CRT, vertical amplifier. We can understand 
that the designers had to fight to meet the specifications... 


‘Just press a button 


We already talked about ergonomics. The capability to switch from one operating mode to another, 
thus to ensure an easy and flexible operation, was simply called “switching” by Tektronix. 


“Switching in the 7000 Series is accomplished in the mainframe of the oscilloscope. Five vertical mode push 
buttons and four horizontal mode push buttons determine which plug-in outputs will be displayed. Twenty 
possible combinations of vertical and horizontal operating modes are provided for maximum versatility. This 
design choice allows comparison between any two vertical channels to enable comparison of signals with 
significantly different characteristics. For example, sampling (50 ohm) and conventional (1 MOhm); wide 
bandwidth and high sensitivity; differential comparator and current probe; dual trace and dual trace for four-trace 
operation are all easily accommodated in the appropriate plug-ins. In addition, as higher performance or special 
performance plug-ins are developed, they may be used with a more conventional unit. 


7000-Series key points 


The center two compartments are designed so they may be devoted to sampling capability, spectrum analysis, 
or X-Y display. This allows a signal to be observed in a conventional manner while simultaneously monitoring a 
sampling display, frequency display, or X-Y display of the identical phenomenon.” 


Talking about 7904, we will see more in details some operation modes of a four bay oscilloscope. 
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The readout 
... 16 can write! 


Today we are used to large, perfect, color displays with resolutions so high that we cannot anymore 
distinguish. But in the beginning of the seventies, I can confirm that anything capable to write 
something controlled by a machine was absolutely unusual. We used to use Teletypes and even a 
video terminal was something reserved to science fiction. So, an oscilloscope capable to write al- 
phanumeric text on the screen was an absolute innovation. To do that, Tektronix adopted a solution 
called “readout”, which used the same CRT to show the vertical and horizontal settings and, with 
special plug-ins, a lot of other things. The shown values were corrected by the probe attenuation 
value. In the 7000-Series presentation (Tekscope 10/1969), Tektronix defined it “possibly the most 
dramatic feature of the new instruments”, that everyone will follow in the years. 
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How did the readout work? In a very, very, very strange way. Even at that time, it should 
be possible to design something less unusual, but, as all we nor- 
mally do, they probably preferred 
to use the technology in which 

they were stronger, and so de- 
signed an incredible communica- 
tion system between the plug-ins 
and the mainframe, based on a 
pair of 11-levels current values. In 
other words, every symbol was de- 
fined by a pair of current values, 
and the mainframe “asked” the 
plug-in a couple for each possible 
position on the screen. 
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In this way, on the side of the plug 
in, it was required not much more 
than a switch and some resistors. 


This is not the readout board of 7704, but is the standardized model that equipped 7904 and all subsequent 


models. It was replaced by a much simpler microcontroller controlled one with 7904A. 
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If you want to know more, you can 
find more information on TekWiki. 


Tektronix 
components 


“The new generation of instruments would not have been possible without the extensive component 
development program embarked upon by Tektronix component engineers. Early in the program it was 
recognized that commercially available components would be much too restrictive; so simultaneous development 
programs were initiated in integrated circuits, rotary and push-button switches, relays, and thick film attenuators. 
At the same time, efforts were launched in developing the "mother-board" etched circuit board concept along 
with the required interface connectors.” 


7000-Series key points 


In this statement we can see how Tektronix really started from a blank sheet, designing the 7000- 
Series, open to any possible innovation and setting the pace for the instrument industry for the 
following decades. 

The results of these efforts are the prime factors in the ability to introduce the R5030 and the 7000-Series. For 


example, auto scale-factor readout would not have been possible without custom integrated circuit design, since 
the price and size would have been prohibitive. 


But the real quantum leap was again in the advanced technology: at the time, when many were still 
trying to understand how to convert their product lines from tubes to transistors, Tektronix was 
introducing, in the normal production, its custom designed first integrated circuits: 


Much of the versatile switching that characterizes the 7000-Series is also accomplished with custom IC's. 
Tektronix Integrated Circuits are widely used in new generation oscilloscope circuitry. Seventeen different 
integrated circuits are included in the new instrument designs and allow performance that would otherwise be 
unattainable. The ability to custom-design IC's permits instrument features that would otherwise be prohibitively 
expensive. The ability to use the best logic for a given job, instead of relying on logic designed for other 
applications, results in a more versatile, logical instrument at a more economical price. 


Tektronix ICs are identified by a code starting with 155- or 156-. Most of them are incredibly still 
now available by eBay sellers at reasonable prices. 
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Tektronix relays 


Tektronix’s use of relays stimulate some reflections. Today, you would‘ use a relay in a project, 
unless absolutely necessary. Relays have a reputation for being unreliable, too big and in general 
source of troubles, so I was amazed when I discovered that Tektronix used them liberally in many 
designs (for example, the 7A13 differential amplifier has as many as 12 of them). 


Tek said that 


“Low-capacitance miniature sensitive relays have less leakage than semiconductor switches and are much more 
tolerant of transient voltages.” 


Ican see, furthermore, other relays’ advantages: 
¢ the possibility to place them where they really are needed, avoiding long and complex wirings 
toward switches, keeping so the signal paths very short; 
¢ an absolute insulation between the managed contacts and the command voltage; 
* an easy replacement, etc. 


Tektronix bet on relays, but assumed that the market has not an adequate offer of them, decided to 
design and produce their own: 
“The new Tektronix instruments make extensive use of relays and relay switching. As there were no inexpensive 
miniature relays on the market, Tektronix engineers developed a 200-mW double-pole, double-throw sensitive 


relay. From this basic design, there are currently 16 variations including a single-pole, single-throw version, a 
magnetic latch version, and a bifilar wound center tap latch version.” 


As usual, also the relays, after ICs and transistors, had their own sockets: 


“Tektronix relays are generally designed to plug into a socket that is flow soldered to the etched circuit board, 
assuring quick and easy servicing.” 
Actually, Tektronix relays were designed very well: small, fast and reliable. Most of them, thanks to 
avery intelligent pin assignment, can also be reversed, i.e. inserted at O or 180°. 


We will talk again about Tektronix relays, describing some circuits that use them (see 7A13), and 
giving some tips for their restoration (in the last part of this book). We will also discuss the 
evolution of the relay design, with the rotary cam switches, surely much less expensive. 
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New potentiometers 


Potentiometers don’t escape Tektronix’s desire to have a custom design: 


A new potentiometer design contributes to operator convenience and saves front panel space. The design uses 
a 3:1 reduction drive to improve the resolution of the triggering control. By combining this potentiometer with a 
relay, the slope is automatically changed as the level control passes O°and 180°. The development of this feature 
provides a new case in oscilloscope triggering and contributes to the human engineering of the new instruments. 


A"push-push" switch design was developed to switch variable controls in and out of the circuit. The small switch, 
which conveniently solders to a circuit board, is used wherever a variable function might uncalibrate an 
oscilloscope. 


A lucky restoration - One of the worst buy in my 
collection, was the 7A12 plug-in. It was declared 
as “used”, “in working state”, but really had a lot 
of stuck keys, broken bulbs, and a knob “bent but 
operating”, which had its corresponding multi- 
turn potentiometer open and destroyed. I gave up 
hopes to restore it, and I haven't even taken pho- 
tos of the operation, convinced to get nowhere. 


But, with infinite patience, I could eventually 
close it. To make the repair more robust, I built a 
“harness” with copper wire, that you can see in 
the photo on the right. Will it work? Incredible, I 
succeeded, it works perfectly! A stroke of luck... 


7000-Series key points 


‘Cam switches & 
push buttons 


The earlier plug-ins used relays, especially on the signal path, for example in the attenuators. 
Maybe that someone in Tektronix asked himself: is there any possible alternative to relays, that are 
rather expensive and however complex? So, in parallel with the introduction of some solid state 
switching (e.g. the 155-0022 IC to select or mix two analog signals), a new switch technology was 
introduced, with the benefits of relays and with also some improvements. As we already reported, 


Tektronix included among all the components designed for the new scopes, rotary and push-button 
switches. 


"Tektronix switch engineers developed the small reliable rotary cam switch to replace bulky multi-ganged rotary 
ewitches.... This novel configuration simplifies the frant panel logic and conserves front panel space. Rotary cam 
switches provide the following advantages: 1. Lower and more controllable torque.... Thus a smaller diameter 
knob may be used allowing mare efficient use of front panel space. 2. Higher reliability and bonger contact life. 3. 
More accurate control of tolerances since cam manufacturing uses numerically controlled equipment. 4. Wiring 
fo the switch is more direct. "On board” wiring may be used since no separate wiring hamess is required." 


The relays’ advantages were carried a step forward, with lower costs, and the plug-ins had 
consequently a neater design, with a dramatic reduction of the required wiring. 


As we said, also new push buttons were introduced. Most 
of them could be lighted and are very nice to see (but_for 
untold reasons, they required to add a simple voltage 
regulator to power the lamps on 76x3 models). 


New miniature push buttons indicate the status of various 
functions and replace many of the larger switches used in 
previous designs. The basic family of push-button switches is 
produced in rows of 2 through 10 positions. Most configurations 
require only one lamp to light any button in a row. 


We will talk again of rotary cam switches and push but- 
tons in the Restoration / techniques section, at the end of 
this book. 
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onnections 


At the end on the sixties, when the 7000-Series was designed, ribbon cables where not an 
absolute novelty, having been introduced in 1956, mainly for large mainframe computers. 
But for the rest of us they were still science fiction and most general equipment (e.g. radios 
or instruments) had them. Tektronix, once again, was a technology forerunner, and used 
them extensively in its new large project, even though they did not use polarized/guided 
connectors, requiring very much care by us who try to restore them (a wrong insertion can 
be destructive). 


7000-Series key points 


Did you note that they are color-coded like the resistors? So, brown goes in the pin 1 (or 11, 
or 21...), while red is wire 2 (or 12, or 22...) and so on. For reason that I don’t know, perhaps 
the cost, at a certain point they started to use white wire, with just a colored stripe. More 
recently, just the wire number one is marked or none. 


oe 


Another typical connectors introduced by Tektronix are the PCB coaxial connectors, that 
you can see on the right page here. They are rather practical and reliable, if you treat them 
reasonably well. Note, in the photo, also the transistor sockets. 


56 


Power supply 


The 7000-Series oscilloscopes use a lot of supply voltages: +50V, - 
50V, +15V, -15V, +5V, +130V (and the storage models also 600V). 
Designing today a power supply unit like that it’s rather easy, because 
the market offers a lot of different solutions to build inexpensive and 
highly efficient switching regulator. But, at that time, you had almost na 
choice, if not using linear regulators. Also this was going to change, in 
Tektronix willings: the 7704 had a new switching regulator (called a | 
“high efficiency”): ‘ “4 

The 150-MHz 7704 utilizes a "high efficiency" power supply which eliminates ; 

the bulky iron-core transformer and heat sink and eliminates any necessity 

for a fan. This new supply dissipates approximately 60 watts compared ta 140 


watts that a conventional supply would dissipate. Use of this new supply removes 
approximately 12 pounds from the weight of the instrument, providing a 200-Vy/ 
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7o000-Series key points 
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power supply in a 10-lb package. : 7 ax 
2 
I must add that I made things simpler than they are: if designing a circuit - 
to produces the above voltages is today rather easy, much more difficult j 
is to produce the 25kV necessary for the CRT. The NEW GEN design was 


really rational: with the new design, just one transformer was 
required, even for the HV. 


The 7704 remained however, I believe, an isolated experience. In 
the subsequent 1971 7904, the PSU was redesigned, condensing 
part of the circuit in a new Tektronix IC (155-0067), perhaps for cast and 
service reasons (that IC is today very rare and expensive). 


In 1972 76x3, the high efficiency design was set aside, returning ta “the ob aa : » 

bulky iron-core transformer and heat sink”, perhaps having also a plug-in | ; a . > a a a, SS aS 

less to feed. The fan became available as an option, but was standard for reed 

the storage scopes such as 7613/23/33. Servicing these 76x3 machines is _—. ey - | ™ rerre . 
RE | 1 'e ie = = r z i . \ i si ‘ - ~~ F , 

not too difficult, even if I have no clear why they used a so complex design, BE "ees > a gre :— ya ad ea) “i foul ) 

where any voltage is in some way dependent from some other. ‘ + je , ] | 4 


in 
Photo on the right, 7904 PSU, courtesy of LAZY ELECTRONS. 
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Construction 


The new instruments made use of front and rear panel 
castings connected by aluminum extrusions. An | —— ee 
f : — 
| a 
ie 


incredibly simple solution, light, robust and rational that — 


gave no problem in all these years. > 


“The oscilloscope plug-in compartment is designed with no | = 
dividers for maximum future flexibility. The modular power supplies _ 4 
are located behind the plug-in compartment on cables for easy , : 
access. op 


7000-Series key points 


Plug-in construction consists of a front casting, aluminum 
extrusions top and bottom, a plastic rear panel, and a 

circuit board. The central "motherboard" contains the 

circuitry and forms the connector of the plug-in. This 
connector then plugs into the female connector at the rear 

of the plug-in compartments and provides the interface to 

the oscilloscope amplifiers. The circuit board connectors have 
been specifically designed for low insertion and withdrawal 
forces to provide a reliable connection with long life 
characteristics. 


Extensive use is made of new 0.025 square Gold-plated ping. 
Female clips on the end of wires clip directly to the Gold pins. 
Where possible, plastic clips containing multiple connectors group 
wires together for easier servicing. The use of long pins permits 
stacking of boards when component density is high. This technique 
provides good accessibility and case of maintenance and 
contributes to a neat overall instrument appearance. The formal also. 
provides for easier automatic pretesting and faster instrument 
assembly. 


VA * 


Gold-plated glass epoxy circuit boards are used to ensure maximum 
reliability. Features such as plated-through holes, built-in test paints, 
and transistor and IC sockets all combine to enhance maintainability. 


WANNA 


Simple, inexpensive and effective, the construction of 
the 7000-Series was a real success. In the photo the 7904, but 
7704 was very similar, and so they were all the subsequent models. 
The piggyback approach of the boards is nice but, even if they separate quickly, 
remounting them is not always straightforward and requires often a large amount of 
patience. 


Electromagnetic Interference requirements have been taken inte 
consideration and are a standard feature in the plug-ins.” 
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Negative opt 


When I purchased my first 7603 oscilloscope, I 
brought it home and started cleaning it. In the 
plug-in compartment, Tektronix places the serial 
number and the option labels. Which kind of 
wonderful option could be “Option 1”? After 
finished the cleaning operations, I went on line to 
learn something more about this “Option 1”, and 
I had to remain disappointed... The “Option 1” is 
a “negative option”, 1.e., says that this unit was 
not equipped with the readout system, that was 
one of the things I liked more. 


I learnt then that this practice of negative options 
was rather frequent for Tektronix, opposite to 

the car consuetude of the optionals. It was 
perhaps a way to entice the users to buy the full 
feature instrument. It was also a form of 
correctness toward the customers, confirmed by 
the fact that, when possible, Tek offered the 
possibility to add the missed option at a later 
time (see on the right the provisions for the 
readout board in my 7603). 


What better use, then, for 
my N°1 7603, than 
hosting the 7Do1F logic 
analyzer plug-in, that has 
its own readout system? 
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Prices 


It is rather interesting to look at the Tektronix prices (in dollars) in the years between 1970 and 
1980. I don’t pretend to be a deep analyst, so I just express some personal thoughts, limiting myself 
to the equipment described in these pages and taking advantage of the Tektronix’s appreciable 
clarity in indicating prices for each item in their catalogs. 


The first thing that I observe in the table is that, in those eleven years, the inflation had been high; 
as a consequence, the prices were noticeably increasing. 


It seems that Tektronix tried to compress the price of 7603, the winning weapon of universal use. In 
1973, the 7904 costed 1.8 times the 7603, but in 1980 the ratio was increased to 2.7, with the 7904 
touching as much as 6,265$. Perhaps, they wanted also to increase the gap between these two 
products, to avoid market overlapping. The dual beam 7844 was really a dream machine: about 
four times the price of the 7603, while for the first 7000-DSO 7854, in 1980, you needed another 
thousand! 


Very interesting the short life of the 7A12 amplifier, introduced together with the 7000-Series. It 
seems to confirm that the original design, based on relays attenuators, was not so reliable (but I 
don't think so) or was too expensive. The introduction of 7A18, in 1971, was still not enough to allow 
to discontinue the 7A12 (75MHz vs. 120MHz), whilst eventually the 7A26, in 1974, made possible to 
retire the relay-based 7A12, marking the victory of the less expensive cam switches. 


Also interesting the long life of the 7A13 and 7A22 differential amplifiers, that however doubled their 
dollar price in 10 years, despite the general reductions of technology products. 


Remarkably high the prices of CRT storage mainframes; probably, Tektronix could capitalize its 
advantage over its competitors, before the DSOs arrival. 


I finally note that the new digital 7D15 and 7Do1 plug-ins were really expensive, respectively one 
and two times the price of the 7603: the innovation had a price. 
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The most expensive 1951-1991 


ne) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 5 
On the left, a second table, with prices also of some years after the 1980. The blue means “in ‘ = 
production”. Here below, the ranking of the 1988 prices, where we can have a look of the most Mainframe “4 
expensive mainframes ever in the 7000-Series. The absolute winner is the 7104, the 1GHz-version of 7904 8,510 (A)9,405 10,980 12,750 ‘o 
the 7904, Interesting the prices, in the same range, of the hyper-technological 7854, the dual-beam j 7104 20,160 23,580 26,695 29,995 A 
7844, and the fastest CRT-storage 7934. The 7904 is “only” almost 11,000$, while the 7603 seems = 
absolutely cheap, with its 4,235$! - (a nee il ene oe S 
an 7625 
; F 7625A 5,950 6,725 7,895 8,900 
1988 dollar pEICes 7635 7,765 8,950 9,950 10,500 é 
"104 7854 11,705 13,365 3 
PAB 7934 13,620 15,100 : 
hdd 7844 12,665 14,750 16,595 
moma Pa 7854 13,750 15,450 15,275 17,000 a 
7904 P Plug-ins 2 
FASS 
"ERA, 7AIS 2,865 8,240 8,655 8,874 aes 
"BOE =  7A18A 1,180 1,308 1,620 1,790 at 
"D1B TARZ 1,500 1,705 1,855 2,260 ed 


PAIS 7A24 2,225 2,550 2,760 
FAs 7AR6 1,910 2,240 2,470 
TASS Fi ‘ 7B5dA 1,430 1,565 2,085 
THaS ‘i 7B80 1,335 1,580 Lid 

PESSA : 7B85 1,605 1,815 2,140 
FARR a wis 3,020 3,410 3,960 
7EBO c. . 7DOIF 6,700 7,550 

FALBA w]  ~ 7DO1R2 7,250 8,150 
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Here I venture into a minefield. Besides my HP54502, the house mule, I have no experience with HP fe “ B 
— 


oscilloscopes. In fact, to be honest, I've never had too much sympathy for them. For two times, in my 
life, I had the opportunity to buy one of them, and for two times I got a different choice. I was 
spending my own money, and checked any minimum technical detail before choosing. The first 
time, I purchased a Philips PM3350, an honest and robust analog/digital scope, that, after a million 
of years, is still in operation in the technical service department of my company. The second was a 
full digital Lecroy 9361, a dream machine, at the time, with 2.5Msa/s. Few days ago, I found it in 
the trash. “How could that happen?”, I asked. “Simple”, was the reply. “Someone let it crash to the 
floor. We have done what we could but we cannot fix it. It’s old and no worth of a repair. We have 
other modern Lecroys, now”. It used to be my every day companion for many years and helped out 
me of very difficult situations. I didn't have the courage to leave my old friend, so I picked him up 
and carried home. Really, it is not easy to repair: I could not find information on Internet, and so I 
will keep it as is. 


Coming back to HP, I always found their specifications a little bit 
tricky, and, rightly or wrongly, the spark of love never struck, so — 
Iknow very little of them. But Iam curious, and so I tried ‘ 

to get some information on those, which could have 
been the 7000-Series competitors. It seems to me 
that the direct rival could have been the 180-Series. 
Maybe that I am like a football supporter in this, 

but, for what I read, the comparison is almost 
impossible. The 7000-Series is a colorful sunny day 
in a splendid luxury beach. The 180 is just a grey 
day in a sad, anonymous periphery. But, at the same 
time, I understand that it may have its supporters 
also, so please, don’t hate me... (open to different 
opinions in the future releases). 
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Mainframes 


For Wikipedia a Mainframes is a computer used primarily by large organizations for critical 


applications like bulk data processing.... But for us, it is just a place where to put the marvelous 
Tektronix plug-ins... 


rae) 


Some general information about 7000-Series mainframes. 
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The roaring years of the 7OOQO-Series 
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This diagram does not claim to be 

1 9 6 9 complete; it includes mainly the 
equipment I know, own or describe 
in this document. 
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Conventional 
scopes 


CRT storage 
scopes 


e 
in this page the mainframes 
which we will deal with in the 
following pages 


Digital storage 
scopes 
I am not a member of 


the 7000-Series but I 
have friends here... 


The 
clandestine 
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7000-Series mainframes 
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Summary table 


We will talk also about some other Tektronix oscilloscopes that are not part of my small collection, 
but that are too important not to mention: the 7704, the progenitor (today I own one of them, but, 
as you will see, not exactly in mint conditions), the 7834/7934, the fastest CRT storage technology 
oscilloscopes and the 7704A+P7001, the DPO, Digital Processing Oscilloscope, one of the first form 


of Digital Storage Oscilloscope. 


For those who are not familiar with the 7000 line of products, the situation may seem intricate, but 
we are talking basically about just one conceptual model, declined in many variants. 


Besides performances, the major oe labtage are among 3- or 
and the non storage or storage CRT technology ( 


Band- : Accel. | Plug-in Watt Weight | Writing speed 
Model| Year| Type width CRT size cm kV bays nae Fan (kg) om/us Storage 


7704- + P?001 


Main models comparison table 
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used to understand if we are 

ae measuring the frequency in a 
correct way (see the 7D15 for 
more information) 
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All the 
measurement 
here presented are 
performed using a Marconi 

2022E signal generator, which 
has a 50 ohm output impedance. 


To match the generator output impedance, a 
50 ohm terminator is used on the oscilloscope side 
(the cylinder that you can see in this photo. 


Note also the presence of the timer/counter 7D11 plug-in, that 
produces the digital frequency readout that you can see in the upper 
left corner of the CRT photos. They have been a bit “tricked” to cancel the 
effect of the cables-and of the 7D11 itself, which otherwise could alter the 
effective oscilloscope bandwidth. 


Bandwidth & rise time. 


Even the beginners in electronics, know that the bandwidth is an important parameter in the 
oscilloscope’s choice, although some of them have not a clear idea of its meaning. A doubt that I had a 
million years ago was: why my 10 MHz oscilloscope cannot correctly represent a 10 MHz square 
wave? To understand this, we need to better define the bandwidth concept: it is the frequency of the 
sinusoidal wave that can reproduced on the scope with a maximum amplitude error of 3dB, 1.e., with 
an amplitude not less 70.7% of its real amplitude. For example, if you set your scope for displaying a 
low frequency sine wave to 6 divisions on the CRT, and with a 100 MHz sine wave the amplitude on th 
screen drops down to 4.2 divisions, that scope has a bandwidth of 100 MHz. We assumed that the 
bandwidth starts at zero Hz, i.e. that the oscilloscope can operate in DC. 

(To answer my ancient question: a square wave contains a fundamental sine wave and an infinite sum of its harmonics. Thus, the fidelit, 


of the square wave trace on the CRT is as much better as the number of the harmonics that the oscilloscope can correctly reproduce. No 
oscilloscope on earth can reproduce an ideal square wave, with its content of an infinite number of harmonics.) 


Measuring bandwidth is rather simple, if you have a proper signal generator. Start with a frequency 
that you are sure that is reproduced with fidelity, and set the size of the trace on the CRT to, e.g., 6 
squares. Then increase the generator frequency until the trace on the CRT is reduced to 6 x 70.7% = 4.2 
divisions. That is the bandwidth value. 


1 


7000-Series mainframes 


7000-Series mainframes 
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More than about bandwidth, experts talk about 500 100 100 
rise time. Rise time is defined as the time 7A26 | 200 | 370 1 195 105 
required for the trace to move from 10% to 90% 7A26 | 200 | 370 2 200 125 
of a rising waveform. In a well-designed 7A26 | 200 | 042 1 185 90 
general-purpose oscilloscope, bandwidth and 7A26 | 200 | 042 2 200 90 
rise time are related by a 0.35 factor, as 7A26 | 200 2 215 
specified by Tektronix documents of that time 7A18 | 75 651 1 195 75 120 
(today in DSOs, things are a little different). 7A18 7B 651 Q 190 80 120 
ae 1 
In other words, bandwidth in megahertz Uae lis oer : = @ 
—* nes : : : : 7A18 75 087 2 125 75 
multiplied by rise time in nanoseconds is 
approximately 0.35. Therefore dividing 0.35 by 
: 100 1 140 
one will produce the other. 
100 2 140 
According the above concept, a 500 MHz sine In this table you find the measured bandwidth value (in MHz, rounded 


to 5) for some plug-ins of my collection, installed on three different 


wave has a rise time of 7OOps, so it can be . In the lower part, the bandwidth value for the 


reproduced by a scope with 0.7ns rise time. . Most values are equal or better than the Tek specification. Sur- 
prising the performance of the 7A18 in 7904/7623A mainframes. 


e rise time is not only on the oscilloscope side, but also on the signal generator side. In the above picture you can see the ~10Ons rise front of 
icotest G5100A signal generator, made visible thanks to the 7904 delay line. As shown, each division is 10ns, thanks to 7B80 time base. On 
t, a similar measure done on the 7904 calibrator, using a different technique, with the 7B85 delaying time base. The front is much less 
200ns) and less stable. Note the frequency display on the left upper corner, and the delay value from the 7B85 on the lower right. 


The first is always the first... 
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A 7704 story 
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¢ Fastest cal. sweep: 2 ns/Div 
‘ _ © Calibrator: 4 mV to 40 V in decade steps, 2/20/200/400 mV into 50 Q, 


SM 40 mA; 1 kHz 
‘0 ¢ Outputs: Vertical Signal Out (25 mV/Div, 60 MHz), +Sawtooth, +Gate, 
Cal, camera power, probe power 
5 * Z Axis input: two: High Speed (60 Vp-p, DC-100 MHz), High Sensitivity 
| (2 Vp-p, DC-2 MHz; 0.4 Vp-p @ 20 MHz) 6 
e * ¢ CRT: 154-0609-00, 8 cm x 10 cm graticule, distributed vertical deflec- g 
i | Jal fir lh lal fir tion plates, P31 phosphor standard & 
* Aooeleration voltage: 24 kV (+21/-8.86) & 
* Weight: 19.1 kg (42 Ibs) a 
* Size: 34.2 em * 30.6 om * 66.1 om (H=WeL) ; 
= ‘ 
The 150 MHz 7704, together with its 90 MHz smaller and less popular as 
brother 7504, was the first oscilloscope in the 7000-Series, introduced in 3S 
August 1969, Although at glance similar to 7904, it is completely different. 
Its construction, as you can see from the photos, had clearly been influenced | - as 
by years of tube equipment design, and was definitely lavish, with gold | Tara. —- Gali oer 
plated everywhere and an incredible interconnection system embedded in rs ee | Raho 
the Aluminum frame, that makes the 7704 the cleanest, from the aesthetic 
point of view, of the entire 7000-Series. ae 
s snannany (es - 
[i 
Wi Se vcceacici 
It was very successful; still today, it is rather present on eBay ads. If nat the F 
exact technical solutions, its functional and logical architecture informed, ) SSS 
almost unchanged, all the subsequent models for near 20 years. It was 
superseded by the completely redesigned 7704A in 1973. 
If you are used to all the other Tektronix 7000-Series oscilloscopes, like 
7603, 7904 etc., the 7704 is really surprising. 
When I saw the picture along for the first time, I thought: “nice, they 
removed all the wires for the photograph... but why? Just hedonism?”. But I 
was wrong: that’s the 7704 in full battle gear. And the wires? Turn the page —_s 
and see... E04 
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The wires in the frame By 


Just loosening few captive 
screws, the 7704 reveals its 
secrets, a wired frame, with oe —— 
pins directly interconnecting ll ee Ny. = 
to the PCBs, similar to those F 
that we will find again as board 
to board connections in the 
subsequent models (those that 
require all your patience when you 
remount them after disassembly). 
The difference is that the former 
allow to connect the board with a 
wire and that these pins are mounted 
on the frame. Clearly a system that 
resembles the previous tube-based 
designs. In my opinion, the absolute top 
in maintainability (it reminds me the 
wiring of Siemens e309 receivers from the 
sixties, see my other book). But, as we will 
see, with big limits. 
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Know its 
secrets 
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\ The A general test 


It seems evident, as we reported at the beginning of this book, that the 7000-Series was designed in 
a hurry, to counteract the threats from HP, using all what Tektronix had at its disposal. 


The 7704 was a success: it “worked”, either from the technical, either from the market points of 
views. It was a well guessed product, that however needed improvements: better performances and 
lower costs. In some way, it could be considered a general test of an idea. 


In something more than a couple of years, Tektronix redesigned completely the 7704, and presented 
the 7904. Similar from outside, I thought they were similar internally as well, but, as you can see 
7704 POWER SUPPLY from the photos in the following pages, I was completely wrong. 


I spent some time studying the In parallel with the 7904, Tektronix created a more affordable product, the 7603, more suited for a 
7844/7904 the High Efficiency . . . : . . . 

Power supply GHEPS, you can and wider market, thanks to its lower price. The 7704 continued however its long life without any 
a chapter dedicated to it in the change. 

Brown section). 


A wonderful story indeed. 


The 7704 uses a pre-release of it, 
not so advanced as the other, but 
however very interesting. 
Differently from its successor, 
based on a custom IC, it uses only 
discrete components, and the high 
voltage section is not integrated 
in the HEPS itself, but uses a 
separate transformer. Also the 
other boards are logically 
“identical” but completely 
different from the subsequent 
models. 


The first of a lineage 


“7000 Series and Type 535A. Four 
plug-in capability and auto scale-factor 
readout are distinguishing 
characteristics of the new instrument 
line”, said the caption of this photo of 
the 7704 in Tekscopes, October 1969, 
while the young me was trying to 
build an electronic organ. 


The truth was much more: the 7'704 
was the precursor of a success that 
will last more than 20 years. 
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— So, let’s come back to our poor friend 234. For some months I had been 
——o— watching him on eBay. The photo that I showed you at the beginning of this 
— : OM) intensiry chapter left no doubts about the absolute impossibility to save him. 


In middle December, I thought that he could be a nice story for this book, 
and asked a discount to the (very good) French seller: eventually, few days 
ago, still in 2022, it arrived to his new home, and now I am going to 
dismount and analyze it, together with you. 


@] intensity Clearly, the CRT is not like new. The internal surface of the screen is covered 
4 with a very thin white powder, that I think is the Phosphor. After having 
removed the frame covers, if you look at him only from a side it seems to be 
agranan almost integer. We already saw the right side, here below the left one. 
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At first sight, 
the poor 7704 
710234 seems 
almost intact. 
As we will see, 
the reality is 
much 

| different... 
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The impact has been probably very, very strong. Look at the photo on the right of the front 
panel. The photo gives the wrong impression that it is bent. It is not so, it is deformed in the 
vertical plane, as the photo on the right confirms. The Aluminum foil remained parallel with 


itself, but was deformed in the direction where it is more resistant. It will never return as it 
used to be. 


The 7'704 
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Cathode ray tube 


Removing the CRT, or what remains of it, was not so difficult. I tried to keep it free from new 
damages, because I wanted to look and photograph it for you. 


HOW DID THEY DO IT? 


The broken 7854 CRT has been the 
opportunity to look inside it and to 
pay some attention to its fabrication 
process. I found this video from the 
glorious VintageTek museum, that 
describe this process with a lot of 
interesting details. I would never 
believe that behind a CRT there was 


all that technology! 
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The bad surprise 


The broken CRT was a very severe damage, but I hoped to find a new one and in someway to 
repair the front panel (illusion: the aluminum casting is too broken). 


The bad discover was still to arrive, and is the hole that you can see in the bottom of the scope (that 
in the left photo is precisely the bottom of the frame). 


7000-Series mainframes 


Probably, a pointed object was the fatal stab: it was exactly centered on the plug-in connectors, 
where it produced a real disaster. The poor 234 received also another stab in the bottom/front 
part (photo below), but 
that was not harmful, 

, and it would be easy 
enough to fix. 
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In the round framed 
| Ay | } di image on the front page, 
a Lae bir OT teeta ere, ee : you can see one of the 
ye Oe hip tecere yt we ae, Y broken plug-in 

; ae | | ry connectors. As we will 
see next in details, this 
kind of breakage is 
almost impossible to fit 
on a 7704. 
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(Vertical Interface, Trigger Selector and Horizontal Interface), and three on the back (Vertical Inter- 
connect, Logic and Vertical Switching/Power), and furthermore connects with the four plug-ins. 
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In this photo you can see some almost survived connectors, on the left, and the fully destroyed 


ones on the other side. 
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Wiring nightmare 
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If for the most of the boards servicing the 7704 is simply a dream, removing and reinstalling the 
Main Interface it’s a real nightmare. Instead of having the usual flat cables, here each wire has its 
own connector, as you can see in the photo on the right. Removing them is by itself rather difficult. To 
reinstall them is surely a nightmare. Perhaps Tektronix thought that the Main Interface was not 
going to be replaced, while it’s relatively easy to change the its six daughter boards. Aware of the 
problem, they put in the manual detailed instructions for the wiring (picture above), but taking color 
photo is much better... 
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Unrepairable 
connectors 


Perhaps you, like me, have never asked yourself how do the plug-in connectors work. Here you 
can see the long finger springs that lay in the connector body and that touch the plug-in PCB 
connector. The biggest problem is that they bent in the connector axis direction, so are bent in 
tho directions. Even with a patient job, the probability that they give no problem once repaired is 
almost zero. 


Probably it could be possible to desolder and replace them, but I could not find new connectors 
on the Internet, while it seems impossible to me to desolder them from an old board. 


In other words, the 234’s Main Interface board seems unrepairable. 
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That 
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_ shade 


Looking at these photos of the 7704 
boards, you will note that most of them 
have a yellow dominant hue. Here, like 
for other pictures before, the reason is 
the gold, that had been used unsparingly 
in the 7704, probably more than its 
limited commercial value 
(years ago, there were 
some companies 
specialized in recovering 
gold and other valuable 
metals from electronic 
wastes). 
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The Readout board 
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We note that most of 
these wonderful boards 
could be replaced in 
minutes, thanks to their 
unique interconnection 
counter. Read more about it in other si i ) 


part of this document. 
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The Vertical 
Amplifier board 
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The Horizontal 
Amplifier board 


7 
i 


ey 


ge WNDIS Und LO 


The HV and 
Z-Axis board 


The photos witness what our friend, the 
234, was saying us at the beginning: he 
said that he was in great shape and, I 
observe, all his boards were absolutely 
clean and dust free. 


It is rather probable that this scope came 
together with others from someone’s 
collection. 
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I cultivate the hope of resurrecting it one 
day. 
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Logic board 


E04 


Main Interface board 
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Unintelligible 7 
choices 


Some of the 7704's technical choices seems today to me rather difficult to understand. Beyond the 
interconnection techniques adopted for the Main Interface board, already discussed, I had to discover 
that the wonderful and modern (at the time) inverter power supply, that can be extracted as a plug in 
Just removing four screws, remains linked to the mainframe with a kind of umbilical cord, without 
even a connector! If you want to separate it, you must deal again with a myriad of single-wire 
connectors, as for the Main Interface board. 


It was certainly not for a matter of costs: few square centimeters of Gold plated PCB costs perhaps 
more. Probably 
the wish to avoid 
voltage drops? 
Not much 


fica Panis 
f Low Voltage 
board had 


already adopted 


method that we 
have described 
more times. 


ee ae 


Note the elastic sealing 
springs like those of the 
plug-ins, used also on the 
power supply (and the up- 
per back panel) to ensure a 
perfect ground contact be- i — 
tween the mainframe and ere re We TES a EFO4 
the power supply body. S52 6 ee ee ee W ie 
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Conclusions 


The 7704 has been very important in the oscilloscopes’ history: it was the first, and marked the 
dividing line between the old world of tube equipment and the solid state future. 


It had been well conceived, exactly forecasting the users’ needs; all the subsequent models had in 
some way to follow its guidelines. 


Probably the most popular in the 7000-Series 


122 125 


7603, the most successful 


7000-Series mainframes 
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A fake... the photo on the left is clearly impossible, because no probe 
is connected to the vertical input. We will speak again of this later... 
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Exactly what the market 
was asking for 


Exactly what the market was asking 

At the beginning of the 7000-era, the three bay 7503 had not large success, and remained in catalog 

only for two years. Things were going to change radically in 1972; the market was hungry of a 

smaller, lighter unit, and the arrival of the 100oMHz 7603, a general-purpose 100 MHz oscilloscope, 
was an incredible suecess (as proved also by some strange guy 

writing of it after more than half a century). 


When released, it costed 1,600$, that become 3,520 when 
purchased together a 7B53 and 2 x 7A18; more than 
20,000$ today. It remained in production for 18 


years (1972-1990). 


The 7603 had a very large screen with an 
extraordinary CRT. The graticule was 
engraved directly in the screen, eliminating 
the parallax-error, typical on the 
instruments of that time, and had as well the 
fabulous readout system. 
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Above all, it offered the flexibility of the plug- 
in system. As I told, I had the opportunity to 
use a 7603 as an university student, and it 
remained for me the absolute top-dream 
oscilloscope. 


They can be still now rather easily found on 
eBay. Instead of paying a lot of money for 
like-new units, restoration can be a valid 
alternative and a pleasant activity. 


Simplified block diagram 125 
A basic block diagram of the 7603 is shown in the next pages. In principle, it can be applied as well to 
almost all other 7000-Series mainframes. 


Vertical signals to be displayed on the CRT are applied to the Vertical Interface circuit from both 
vertical plug-in compartments. The Vertical Interface circuit determines whether the signal from the 
left and/or right vertical unit is displayed. The selected vertical signal is then amplified by the Vertical 
Amplifier circuit to bring it to the level necessary to drive the vertical deflection plates of the CRT. 


Horizontal signals for display on the CRT are connected to the Horizontal Amplifier circuit from th 
horizontal plug-in compartment. The Horizontal Amplifier circuit amplifies this signal to provide the 
horizontal deflection for the CRT. 


The internal trigger signals from the vertical plug-in units are connected to the Trigger Selector 
circuit. This circuit selects the trigger signal which is connected to the horizontal plug-in unit. 


The Calibrator circuit produces a square-wave output signal with accurate amplitude which can be 
used to check the calibration of this instrument and the compensation of probes. 


The Logic circuit develops control signals for use in other circuits within this instrument and the plug- 
in units. These output signals automatically determine the 
correct instrument operation in relation to the plug-ins 
installed and/or selected, plug-in control settings, and 7603 
control settings. 


The CRT circuit produces the voltages and contains the 
controls necessary for operation of the cathode-ray tube. It 
also contains the Z-Axis Amplifier which provides the drive 
signal to control the intensity level of the CRT display. 


The power necessary for the operation of this instrument is 
produced by the Rectifier Board and by the Low- 
Voltage Power Supply circuit. These voltages are 
connected to all circuits within the instrument. 


The Signals Output board produces some signals, made 

: : The latest units had a different, microprocessor based, 
available on the rear panel of the unit, that can be used for _yeadout board, that had a better and more modern “calli 
special applications. See the pages 7603 B-side, below. raphy”. 


Vertical signal from 
vertical plug-in 
compartment 
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Readout settings 
from plug-ins 
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Trigger signal from ! 5 a — 
vertical plug-in Z 
compartments 


Trigger signal from 
horizontal plug-in 
compartments Power supply to |! 

all modules 


Horizontal signal from 
horizontal plug-in 
compartment 


Operating data from 
plug-in 
compartments 


Control signals to 
all plug-in 
compartments 
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Z-axis Horizontal 
amplifier amplifier 
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76035 B-side 


There are a lot of photos with the front view of the 7603, but few of its rear side. It presents 6 BNC 
connector, whose function is written on the panel itself, but some notes are required, because they are 
not very clear and also the manual is rather vague and I wanted to test each of them. 


¢ SS READY OUT: this active-high signal (o-4V) becomes active for about 5ms when you press the single-step reset button; 


¢ EXT SS RESET IN: closing to ground this input has the same effect as pressing the single-sweep reset button. In storage 
scopes, it erases the memory; 


¢ EXT Z-AXIS IN: it works exactly as written on the panel. Negative voltages make the trace brilliant, positive dampen; 


¢ VERT SIG OUT: this signal is proportional to the waveform displayed on the screen, 500mV (on 1 MOhm) for each division, 
+20%; 

* +GATE OUT: this is the less clear signal. In general, it stays at the high level (10V 10% on 1 MOhm) when the sawtooth 
ramp is increasing. Its behavior depends on the position of the MAIN/AUXILIARY/DELAY switch: 
¢ MAIN: the signal remains high only for the sawtooth duration (inclined section, photo @); 
¢ AUXILIARY: the signal remains high for the scan duration, i.e. the delay time (if any) plus the the sawtooth (photo @); 
* DELAY: I could find no signal on this connector, so I studied the manual and I discovered that this signal comes from 

pin Bog of the horizontal plug-in bay on the right. But the 7B53A time base leaves this pin free... so, no wonder! 


¢ +SAWTOOTH OUT: this is the signal that moves the electronic brush horizontally (the upper trace in the pictures below). 
Note the 5 V/div, the amplitude is about 12,5V (nominally 50mV/unit time, referred to Time/Div setting, on 1 MOhm) . The 
brush is moved linearly across the screen, remains on the right for a certain time, then is moved back to the left. 
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young together 


Here in the photo, you can see the first computer that I used, a Digital Equipment PDP-8/M. 

Not “a similar one”, but exactly that one. It belonged to a Vickers-Medical automatic blood analysis 
system, that my father, as a director of a public health institute, decided to acquire in 1973. When it was 
dismantled, many years later, I surreptitiously got for me the two its PDP-8 and a Teletype. For the 
second time in my life, someone told me “sorry boy, we must officially destroy them”. But one of the two 
PDP-8 was not officially listed, so they eventually allowed me to keep it, and it is still with me. 
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When 
you see it for 
the first time, you 
think: this is a normal 
7609, But not: it is the 7609 
military version, said OS- 
ea 25 P)/U or 7603N11. It is declared 
 *puggedized” and fulfills many extra mili- 
a tary specs, May be that also the material is 
different, because this unit is the best conserved of all 
my Teks, with no signs of corrosion at all. It had also 
different colors: dark grey instead of the classical Tek blue. 
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A complete redesign, how the 7704 should be. 
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bandwidth record man 


The 500 MHz 7904, represents the evolution of the 1969 7704 and has four bays that can accept two 
7000-Series vertical plug-ins and two horizontal plug-ins. It was introduced in late 1971 and was among 
the tops instrument, as expensive as a small apartment. Later, it was surpassed in price by the 1974 dual- 
beam 7844 and in bandwidth by the 1978 1GHz 7104. 


Note: the photo on the left is a real fake, because... this 7904 works only thanks to the photo editing (as confirmed by the turned off lights on 
the panel). This unit is indeed only at the beginning of the restoration and lacks a lot of important parts, like, e.g., the power supply, the HV 
supply, the readout board etc. Thanks to eBay, I hope I can bring also this unit back into service. 


In the photo below: if you were a plug-in, you could see this panorama when entering your bay. The beautiful Gold plated Tektronix M084 
(155-0078) is a broadband vertical amplifier monolithic integrated circuit in a “minipac” package. Its inputs and outputs are differential. 
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In these photos, I added some labels that can be useful, not for the 


regular calibration, but for some retouch that could be necessary in 
the normal use. 


© The horizontal amplifier. 
@ The vertical amplifier. 


© The rear part of the 7904, with the Low Voltage regulator and the 
Z-axis amplifier. 
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© OPTION 2: an optional X-Y delay compensation net- 
work was available for this instrument. This network pro- 
vides close delay matching between the vertical and hori- 
zontal deflection systems up to one megahertz for use in 
X-Y applications which require precise phase measure- 
ment. The switches provide the possibility to use or not 
the compensation for both channels. For minimum distor- 
tion, when not necessary, the compensation should be 
kept disabled, setting the relative switch down. 


@ The Z-axis amplifier. 


© The 7904 calibrator produces a far better signal than 
76038. It can be adjusted with the labeled trimmers. 


© The readout board. In my experience, that is the one 
that more often might require small readjustments. 
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7904, what can I do 


So the new 7504 and 7704 offer 4 bays for plug-ins. What can we do with so many of them? The 
manual lists a lot of different modes, such as (I am talking about 7904 that I own; 7704 is not very 
different): 
¢ single-trace: single-trace vertical unit against one time-base unit; 
¢ dual-trace: two single-trace vertical units against one time-base unit; 
¢ dual-sweep: display of a signal at two different Time/Div (two trace on CRT); 
¢ dual trace-dual sweep: display of two signals at two different Time/Div (four traces on CRT); 
e¢ independent-pairs: dual-trace, dual sweep display where the left vertical unit is displayed only 
at the sweep rate of the B time-base unit and the right vertical unit is displayed only at the sweep 
rate of the A time-base unit; 
¢ delayed sweep-single trace: delayed-sweep display of a single-trace vertical unit; 
¢ delayed sweep-dual trace: delayed-sweep display of two single-trace vertical units (four 
traces on CRT); 
e X-Y display: one signal versus another rather than against time. 


Some of them are rather obvious, but others less. Very interesting is the independent-pairs: it’s 

wonderful to be able to display two asynchronous signals, each with its own time base. Note that in 
this case there are two triggers, each per trace (or 
couple of traces). So, if you want to measure phase 
differences, you need to invent something smarter. 


Interesting is also the possibility to use a vertical 
plug-in in the horizontal compartments and vice 
versa. If you put a horizontal time base (es. 
7B53A) in the vertical compartment, you can use 
the “raster mode display”, that shows a long trace 
that, as for written text, go to the next line when it 


© Two traces on two independent time bases. Very helpful in this case 
the readout. 

© Something wrong in this photo? Actually, it is not common to see an 
oscilloscope with three time bases, but the Tektronix designers were so 
smart that allowed to use vertical plug-ins in the horizontal compart- 
ments and vice versa for a raster display (see text). 
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reaches the end of the screen. How can it be done? Its very simple: it is sufficient to press the ADD ’ ) 

button in the vertical mode switches and to connect the 7B53A external trigger input to the +GATE 

output of the scope. The sawtooth from this third time base, will move the trace to a new line as 

desired, adjusting properly the TIME/DIV switch on both the real and the auxiliary time bases. Ina 3 , 

similar way, you can use a vertical plug-in in the horizontal compartment, to use the X-Y mode. E 

This interchangeability of plug-ins does not work only with 7904 but with all the 7000-Series | | FE 

models. Here on @, you can see a short pulse on a trace 108 cm long (9 traces long 12 cm each). = 

According Tektronix, combining the raster mode with the Z-axis modulation and properly setting ‘ sf am 

the speeds, you can provide a television-type display, but I have not tried this. 3 
Jam not sure of what use all that might = 
have, but surely it's very amusing to o 


produce wonderful drawings on the 
beautiful Tektronix CRTs, in my opinion 
not matched by any modern TFT 
display... 


© A 7603 with a 7B53A in the vertical compartment. 
@ A funny drawing stored in a 7623A storage CRT. 


© Wonderful calligraphy of a 7603 oscilloscope. Note the 
presence of the optional blue optical filter (normally 
7608 are green). 
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story of a missed : 
restoration 


In the previous page, I told you that my 7904 was going to be 
restored, but it lacked all the power supply section. The 7904 
parts that I have are in very good state indeed, so I bought on 
eBay another 7904, which was declared as “spare parts only”, 
and not powering up. If it does not power-up, I thought, the 
problem is probably in the power supply; and then I 
thoroughly studied in advance the manuals and the Tektronix 
document “Servicing the 7904 high-efficiency power supply”, 
finding the circuit extremely difficult and remaining scared of 
it. Then, the worm of doubt began to take hold of me: I can fix 
almost any passive or any transistor, but there is a 
threatening 155-0067-02 integrated circuit inside. And if... it 
was faulty? With pain, I discovered that it is very rare, and 
that you can consider yourself lucky if you find it at 100$. 


So, now that the new 7904 just arrived, Iam trembling while 
preparing to switch it up, scared for the possible holy smoke... 
OK, 1, 2, 3 ..go! Uhkmmm, no smoke... no burst-mode click 
sound, as described in the article as a possible failure mode... 
Anyhow I don't want to insist... prudently, I switch it 
immediately off. Lets try with the multimeter to check the 
voltage values. I switch it on for just one moment... unmmm... 
-50V? But it is OK! Now let’s check the 130V. Also this it’s ok. 
So, switching on and off, Iam able to verify that all the 
voltages are as prescribed. I leave the 7904 on. Still no smoke. 
So might I dare something further (continued on next page). 


© My second 7904 during the clean up. @ Dust everywhere inside it. 
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(continued from previous page) 


Long breaths to calm myself down. And if I try to put a plug-in into? I take my worst 7B53A and 
switch the scope on again. Incredible, the trace gets on the screen! To keep it short: everything is 
OK, the new 7904 was not faulty! 


Its general conditions are somewhat worse than my first 7904, with plenty of dust inside. I believe 
that each of us has available just a limited number of miracles, and, after got the first, I don’t want 
to abuse. So I decide not to pass the new parts to the old 7904 but, instead, to restore the second, 
with a moderate and delicate cleaning, to avoid any possible problem. In this way, I think, I will 
also respect more their originality. 


After hours, when finished the clean-up, I power it on and... noooo! A terrible sound gets out from 
the CRT area. Panic. Surely that was my last miracle, I did something wrong. After a lot of checks, I 
understand that the HV is discharging to ground and the metal CRT screen acts as a trumpet. 
Perhaps I let drop some water into a critical area? I dry everything with an hairdryer and... the 
second miracle happens, it works again! 


So, now I am the proud owner of a beautiful 7904. But what can I do with the first one? I have an 
idea: perhaps I should find a broken 7904, get from it the missing parts, and.... 


© Eventually! This is not a fake, this 7904 is really alive! 
© Dust everywhere, but I proceed only with a slow and delicate cleaning, to avoid further problems. 
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e e 
( O O 4 distrib te d pl ate S One solution to this problem is to segment the deflection plates into multiple pairs, each driven by 


a signal delayed just long enough to match the speed of the electrons passing trough the 
segmented structure. This is achieved through a delay line, typically a lumped-constant line built 
into the tube, where coils are placed between the plate segments, and the plate segments form 


Running after electrons 
The 7904, like many other Tektronix oscilloscopes, used a CRT with distributed vertical plates. In 


constant capacitances. 
conventional CRTs, a trade/off exists between acceleration voltage, deflection sensitivity and 
frequency response. As signal frequency increases, the acceleration voltage needs to be increased as Typically, only the vertical deflection plates are distributed. An exception is the 7104 due to the 
well, in order to achieve sufficient beam brightness. This in turn reduces deflection sensitivity. To high horizontal system bandwidth required (350 MHz). 


increase sensitivity again, the deflection plates need to be made longer. But, in this way, the 
electrons stays between the plates too long, and, in the meantime, the signal to be shown might 
change. For that, the sensitivity for higher frequencies falls off sharply. 
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The rack-mountable R7844 is one of my preferred oscilloscope, for its wonderful compact 
architecture that packs almost two 7904 in a (relatively) small volume. 
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R7844 dual-beam 


Besides the mythical 7854, the 7844 is more complex than all other 7000 analog mainframes, 
because vertical and horizontal amplifiers, as well as the Z axis control boards and the delay lines 
exist twice, and there are extra switching logic boards. In consequence of that, the 7844 was one of 
the most expensive oscilloscopes in the 7000-Series. 


7000-Series mainframes 


When we need to examine fast, non-repetitive events, you needed a proper scope and a photo 
camera (or, as we will see, a storage scope). 


In many applications, two transient events must be compared simultaneously. These application 
areas include stimulation and reaction events in such fields as medicine, biology, chemistry, 
engineering mechanics, to name just a few. 


In this case, you could think to use a dual-trace oscilloscope, in the alternate or chopped mode. The 
former is for definition, not suitable for comparing two events, because one trace starts only after 
the completion of the other, and so not simultaneously. The latter (chopped) could not be practically 
used, for events that last less than about 100 psec. 


A possible solution could be using two different scopes, each of them with its camera, and then 
compare the individual shots with each other, but this is clearly not very practical. So the ideal 
solution (in the seventies) was a dual-beam oscilloscope. Dual-beam oscilloscopes can display two 
input signals separately and simultaneously; they are essentially two oscilloscopes in one. Each 
beam operates separately and independently of the other. When you capture two one-shot events 
using a dual-beam scope, comparing the two waveforms is no problem because they both appear on 
one photograph. 
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7844 is, however, the same as that of one 7904. In the “R” version (rack mounted), the volume has 
Ua — eC rs neal been further drastically reduced: the tabletop version is 56,100 cubic centimeters big, that drop to 
39,400 in R78 44. All are four-hole mainframes. The front-panel height of the R7844 is only 7 inches, 


one-half that of the rack-mountable R556. You could put two R7844's where one R556 was used 
before. The 7844 weighs only 36 pounds, less than half that of the 556, and power required 235 

I present here the R7844, i.e. the rack mountable version of the 7844, because... I own this version. It watts, less than one-third that of the 556. 

is however very interesting, either because in this book we have no other rack version, either for its 

superb construction, which packs a lot of modules in a reduced volume (see later). To be noted, the 

good accessibility of the internal parts, in my opinion better than in the table-top version. In previous dual-beam CRTs, each beam had its own part of the screen, with only four centimeters 
overlap. In the 7844 the entire 8 x 10 centimeter screen is shared by both beams, giving twice as 
much overlap area. 


7000-Series mainframes 


For the last nine years | 
before the 7844, the 
fastest dual-beam 
oscilloscope available 
has been the Tektronix 
550, a 50-MHz 
instrument. The 7844 has 
eight times the 
bandwidth, 400 MHz, 
that can be extended to 1 
GHz using one or two ‘ tele : “4 
7A21N plug-ins with | as av) Bl raisare | Bar 
direct-access to the | j be 
vertical deflection plates. 
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A 7844 is very similar in 
performance to two 500- 
MHz 7904 scopes placed 
in one cabinet and made 
to share the same CRT 
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| } 8 4 4 ‘el 31 -O eC Sh @ The Vertical Crossover board that allows 
to switch the incoming signals from the 
vertical amplifiers to each of the beams. 
@ This picture shows the internals 
+ : 
Designed for the camera 3 of the R7844, the rack-mountable 


version of the 7844. Tektronix 
engineers did a great work 
packing all those modules, 
almost two times a 7904, 
in a volume near 30% 
smaller. 


The 7844 was likely to be used with a camera, so had many special features not found on commo \ 
oscilloscopes, such as built-in film-fogging option, pulsed illumination of the graticule, pulsed 
readout etc. 


Full dual-beam sometimes essential 


Although two one-shot events are usually displayed using the same sweep speed, with both sweeps 
starting at the same instant, you sometimes need to compare two one-shot signals that don't occur 
simultaneously. A full dual-beam scope is usually called for, in this application. Two sweep 
generators are needed, one that sweeps one beam, and another that sweeps the second beam a little 
later. The 7844 provides maximum flexibility through four pushbuttons that permit sweeping either 
Beam 1 or Beam 2 from either time base unit without interchanging the units. Tektronix called this 
feature full horizontal crossover. 


A similar feature is provided for the vertical 
channels. The signal from either channel may 
be displayed on either beam, without 
interchanging vertical plug-ins. Tektronix 
called this full vertical crossover. It was 
performed by the vertical crossover board 
shown here on the left. You could buy the 7844 
without it, saving 400$ (again a negative 
option). One of the advantages of vertical 
crossover is the ability to display the same 
signal on both beams using only one probe. 
This eliminates loading the circuit with a 
second probe. A typical application is 
measuring both the rise time and duration of a 
wide, fast-rise pulse. Both sweeps are 
initiated simultaneously, but one is set to run 
much slower than the other 
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R7844 dual-beam 


Reliability 

Tektronix claimed that the reliability of the 7844 will be exceptionally good. The prospect of putting 
nearly twice as many parts into a 7844 as in a 7904 called for special attention to assuring 
instrument reliability. According to the available information, every conceivable reliability factor 
was scrutinized from the beginning of the project. Components with conservative voltage and power 
tolerance ratings were selected and air flow from the fan carefully controlled to limit temperature 
rise in all areas. Exhaustive reliability testing has taken place at all design stages. 


From the user point of view, respect the 7904, the typical noise of a 1974 fan is a little annoying, but 
no surprise. The electronics is very well packed and the heat must be in some way dissipated. 


© YOU MAGIC, R7844! When the R7844 arrived home, I started checking it rather thoroughly, and found minor faults and a broken transistor 
that blocked the time base A trigger. When I was convinced that there were no more problems, I decided to complete the visual inspection, 
removing the bottom plate, where I got a surprise: the logic board, piggybacked on the main interface, was bent and partially extracted from its 
seat. Carefully, I reset the board at its place. But it seems me magic that the R7844 could yet operate despite this! 


es: Ge fe 
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Some reflections 


The 7844 was probably not a best-seller: it was very expensive and, in the normal use on repetitive 
signals, you have no relevant advantages over a normal dual-trace oscilloscope. Who bought a 7844, 
surely purchased also a Tektronix/Polaroid photo camera. Due to that, the instrument purchase was 
not the end of the expenses; the Polaroid film was very expensive and the 7844 was going to eat lot of 
it. 

Today Tek photo cameras are easy to find on eBay, but the film is no longer available or available at 
collector prices. Anyway, no one would pay to do a screenshot of what you can do for free with a 
modern DSO. 


All that being said, the 7844 is today an ultra-wonderful instrument, a monument to electronics, that 
excites and makes happy any stupid collector like me. 


@ A delay line is used to view the leading edge of the trigger event. The trigger and sweep circuitry need about 60 ns to start so there is no 
signal display during this time. A delay line placed in the vertical signal path after the trigger signal will result in the ability to display the 
trigger portion of the signal. Like many other parts, also the delay lines are duplicated in 7844. 
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High efficiency 
power supply 


Generally speaking, I am not in favor of indiscriminate dismantling, on the contrary, Iam 
always afraid of combining some troubles and causing damage to my beloved objects. In the [fF 
past I was not so scary, but when you work in an industry you always take in account to 
break something and you have a more or less unlimited availability of spare parts. With ald 
oscilloscopes, a damage could be almost impossible to fix, and you have to stop your work 
and wait weeks for the spare parts to arrive. 


This is the reason because I have avoided to dismantle the “High Efficiency Power Supply” 
(HEPS) that energized the great 7904, 7844, 7854 and probably the 7834, evolution of the 
one introduced with 7704, but using the 155-0067-02 custom (and rare) IC instead of 
discrete 
components. 


i ae 
So I stole a photo F her | 
from the Internet to 
show you one of its 
boards speaking of 


the 7904. 


But I was forced to 
overcome my fears 
to fix the ripple 
problem of my 7844 
and for others. 
There is an entire 
new subsection in 
this book on this 
(see Restoration / 
HEPS section). 
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Having so dismantled the “high efficiency power supply” (I call it HEPS), I took the opportunity to get 
some photos of its internals, being the documentation of this old stuff one of the purposes of this book. 
By the way, without them the reassembly would have been much more difficult. 


If you want to know about the work itself, it was for me psychologically difficult, for the large number 
of components to take apart and the possibility to make mistakes, with all those cables and connectors. 
In the previous page, you can see the recapped —" 

rectifier board, purpose of my work. Note the : 
radial capacitors used instead of the 

axial, because here are much easier 

to find in local shops and 

consequently also less 


EXpeNSILe. 


© The mains 
a.c. voltage is ap- 
plied to a rectifier 
bridge and leveled by these 
two big capacitors. With 115V 
line, the voltage is doubled. In both 
cases (115 and 230V) the voltage 
to the inverter is almost the same 
(230V). 
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The HEPS uses an inverter directly powered by the mains, so the transformer is small and 
lightweight. Differently from 76x3 models, which use the traditional power supply, the HEPS 
integrates the high voltage section, that make things more complex. After the transformer, we 
find however normal rectifiers, capacitors and the linear regulator board, called Low Voltage 
board, similar in most parts to its 76x3 sister. Very practical the test point for every voltage, with 
a clear indication of their values. All in all, the HEPS is another demonstration of the 1970 
Tektronix technical level. 


© The Low Voltage board is very similar (even if completely different) from that of the 76x3 oscilloscopes, but without the big TO-3 transistors, 
replaced by a smaller case (TO-127 ifI am not wrong). Here also, every transistor or IC has its socket, (even if hidden). Note the big 2W resistors: 
they are the way to measure and limit the maximum current and offer the possibility to measure the current consumption, measuring the 
voltage at their lead, using the Ohm law. 


7000-Series mainframes 
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“| The death 
chamber 


| In the old electric locomotives there was a restricted area called “the death 
chamber”, with all the high voltage components and connections. In the HEPS 
there is a restricted area_for the CRT +24kV voltage generation, with its sealed 
transformer and the high voltage capacitors. Note the accurate construction, 
it is clear that they had experience in these things! 
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7844, not only 
hardcopy 


Today, having a hardcopy of a modern DSO screen is straightforward. But with classic 
oscilloscopes, that was a huge problem, especially with non-repetitive signals. In this case, in fact, 
the point is not only the hardcopy, but also simply to be able to see the event, too fast for the human 
eye and immediately lost by normal non-storage CRT phosphors. 


7000-Series mainframes 


The first answer to this problem was a simple photo camera. Besides geometrical consideration, 
with non-repetitive signals, the question is: can a single sweep impress the film? It is obvious that 
part of the reply is in the film properties and part in the trace intensity/speed. 


Photographic writing speed signifies the ability of a particular oscilloscope/camera system to 
provide a useful photographic record of a fast single-sweep trace. It is stated as an oscilloscope 
performance characteristic and is expressed in cm/us or cm/ns. The writing speed parameter is 
designed to answer the question, "What is the speed of the fastest single-sweep trace the system can 
record?" 


All statements of writing speed must specify the measurement conditions, including the CRT 
phosphor and film used, and the definition of a readable trace image. 


Tektronix designed and produced a lot of cameras, suitable to be used together with its 
oscilloscopes, like the C-50 depicted in the photo on the left. 


In the case of 7844 oscilloscope, the catalog says: 
Minimum Photographic Writing Speed- 1.7 cm/ns using Polaroid type 47 film, C-51R and optional P11 phosphor. 
In typical applications, P31 phosphor has about % the writing speed as P11 phosphor. 


My R7844 oscilloscope has, like most of the produced units, the P31 phosphor, so, its writing speed 
in the above conditions, is 0,85 cm/ns or 850 cm/us. 
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Film fogging 


techniques P 


The catalog states also that: 


Writing speed can be increased by using the TEKTRONIX Writing Speed Enhancer or Polaroid type 410 film or 
both. 


This Speed Enhancer is a device capable of raising the writing speed using the film fogging, a 
technique that implies applying a controlled exposure of the Polaroid film to a light source.In fact, 
at very low light levels, little change in Polaroid film density occurs over considerable variation in 
light intensity. This occurs because near the threshold of film sensitivity, exposure and the resulting 
film contrast is a non-linear relationship. Additional exposure to light can effectively increase the 
low-level sensitivity of the film and provide greater viewing contrast. 


The picture shows the Tektronix Writing Speed 
Enhancer, a light diffuser mounted behind the lens 
in the camera that provides accurately controlled 
"film-fogging" illumination levels. The Writing 
Speed Enhancer allows variations of these fogging 
illumination levels for use with films with various 
ASA ratings. 


Some scopes, like the 7844, offered also special 
features for the phots. For example the pulsed 
graticule and readout illumination. They provides 
means of pulsing the graticule lights, or CRT 
READOUT, at a preset level, coincident with a 
single-shot event in one exposure. The graticule 
lights or CRT READOUT can be pulsed by the 
event, an external ground closure, or front-panel 
push button. 


Tektronix offered a full line of oscilloscope cameras, all based on Polaroid film, so that the photos 1735 
could be immediately developed and seen. 


Every oscilloscope was provided with a special bezel to allow the photo camera mounting, 
complete with contacts for the electric control signals (see detail). In 1976, more than 10 photo 
camera models where in catalog. The hardcopy problem was evidently very much perceived. 


We will go into more detail on the writing speed, talking about CRT storage 
oscilloscopes below. 
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——— Coffee break 


Before affording the CRT storage theme, let’s take a coffee and make small talks about of a silly 
radioactivity problem... 


But obviously a cup of delightful Italian expresso... 
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During the tests, I checked also some of 
my surplus equipment. I had heard 
something on old milliammeters and so I 
I wanted to verify if the rumors were 
true. 


Surprise: one of them was somewhat 

active, as you can see by the photo. It 

was cathode and grid measurement 

of the T-195 transmitter, part of 

the GRC-19 station, a real tech- 

nology jewel, the absolute top 

for the fifties. You can find a 

complete description of it in 

‘__—s my other book “Surplus pa- 

rade”, downloadable from 

the same web page as this 
document. 


Note that there are other 
two similar instruments, 
but they are not original, 

perhaps they had been 
substituted previously, 
exactly for this reason. 


The radioactivity comes 

from the fluorescent 
painting that should have 
made them more readable 
in the darkness. 


I put this instrument in the cel- 
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Radioactivity? 


One of my friends claimed that an old oscilloscope, with its high acceleration potentials, had to emit 
some kind of radioactivity. That topic came out also when CRTs were used in television or in 
computer monitors. For example, you can find this study on the Internet: 


While surveying used computer equipment out of a zone posted as a Contamination Area, 100% of the computer 
monitors surveyed had levels of radioactivity that were significantly above background. The radioactivity was 
primarily on the front face of the cathode ray tube and was not amenable to decontamination. Hot spots were 
found also along the edges and seals of the cathode ray tube. Similar surveys of computer monitors that were 
never in Contamination Areas confirmed that radioactivity was incorporated into the monitor. Surveys were made 
of recently manufactured television sets with similar results. Gamma spectroscopy indicates that the radioactivity 
is due to naturally occurring radioactive materials. Since most surveys of cathode ray tubes in the literature were 
made while the units were energized and indicated low-energy x-rays, the use of naturally occurring radioactive 
materials in the manufacture of cathode ray tubes has not been widely recognized. This paper presents the 
results of these surveys, the results of gamma spectroscopy, and a method for releasing existing computer 
equipment having naturally occurring radioactive materials (https://pubmed.ncbi.nim.nih.gov/14744065/). 


Iam in general rather wary on these themes; you can find studies for almost anything, 
demonstrating its terrible dangers. Iam sure, that someone demonstrated that even pillows present 
terrific hazards. 


But I was curious, and so 
ordered a very nice and 
inexpensive “Nuclear 
radiation detector” from 
China, and made some tests. 


Ido not affirm the scientific 
validity of these tests, but for 
what I could see, the levels 
on the CRT front are almost -MIzS 
the same as those of free air 
(6-20 pSv/h at home). 


A surprise from an old 
military equipment of mine, 
as shown on the page on the 


left. 
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The Tektronix 154.0728 storage CRT 
used in 7623A oscilloscope. 


The blue section 


Subsection 


CRT storage mainframes 


As we have seen talking about the 7844, capturing non-repetitive events was almost impossible in the 
seventies with conventional scopes, unless you used a photo camera, very expensive also for its 
hunger of Polaroid film. Storage CRT scopes promised the solution of this problem and would allow 
an unlimited number of shots, without the inconveniences and the price of the photograph. 


7000-Series mainframes 


7623A,camera 9 ie ee 
not required =o 


In my opinion, the Tektronix CRT storage technology is one of the most fascinating. Today all seems 
easy: any electronic device has a memory and everything can be “frozen”. But in the seventies, as we have 
seen, catching non-repetitive events was really tough. 


In the 7603 photo, I confessed that the display of the scope on the left was a fake: no probe connected, no 
display possible. But in this case, the photo on the right is not a fake: it is a real image stored in the CRT 
memory of my 7623A. This instrument has a very interesting story: it was acquired more than 40 years 
ago by some public in- 
stitution, placed on a 
shelf and, almost 
surely, never used. 


Its condition is mint: it 
was preserved also by 
the original Tektronix i — = MAIN TRieGeRING ol 
cover, which prevented -_ =. os aces “De AMPLIFIER 
the dust and the corro- , ae 1 
sion to enter the instru- 
ment. I consider to be 
lucky, owning this ex- 


traordinary unit. 

mH 5 
@ The dust covered, original fa . 
Tektronix plastic cover that pre- 
served the 7623A for more than 
40 years. When I got it, it was 
even more dirty than that. 


@ and © The cover is still today 
absolute top-quality: besides the 
age, it conserved all its original 
flexibility and, now that is clean, 
looks again like new. 
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Analog storage CRI's 


“The development of the laboratory oscilloscope has been marked by a handful of major breakthroughs. Of these, 
Tektronix probably can claim more than its share, no matter whose list you look at. And almost every list will in- 
clude practical storage. The storage cathode-ray tube not only has added a new dimension to our oscilloscopes, 
the ability to retain a waveform display, but also has triggered our first product diversification, and the formation of 
a new division to produce information display and large screen monitors.” 
This was the beginning of the article “THE STORAGE STORY’, probably from 1967, that tells the history of 
this big Tektronix success. You can find a lot of information, on the Internet, about that, but if you just want to 
have an idea of how analog storage works, just go on and read here a very minimal resume of it. 


A storage CRT i's much like a conventional one, with some special features: 


¢ it has two electron guns instead of the usual single gun; the added one (“flood gun”) can cover the entire 
phosphor screen with a slow stream of electrons; 


¢ aphosphor layer that, unlike the phosphor on a standard CRT, is only semi-continuous, or porous; 
* aconductive transparent faceplate, under the phosphor to collect secondary electrons (continuing on next 
pages). 


Faceplate a: 
Storage-target layer ce. Transparent 
conductor 


Flood gun 1 


= 


Flood gun Phosphor 


@) Storage-target backplate ae 


© General architecture of a storage CRT. 


© The base mechanism of the storage. The positively charged areas 
allow flood electrons to pass and activate the phosphor, while the neg- 
ative areas repulse electrons making the area dark on the screen 


© The 1966 Tektronix 549 storage oscilloscope. A quantum leap in 
the electronics history. 
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(continuing from previous pages) One gun writes like any CRT does: it bombards the phosphor screen with a 
focused electron beam, pushed at very high speed. The phosphor lights up; this dot of light, moving across at 
high speeds, appears as our familiar traces. The beam, as it writes, also does another thing: hitting with 
tremendous force, it knocks loose great numbers of secondary electrons. Thus, the written surface (where the 
waveform is), losing electrons, charges positive. Now the graph can be stored, using the flood electron guns, 
which emit a low-energy stream of electrons over the whole screen. They: 
¢ hit the unwritten areas too slowly to jar loose many electrons. These areas merely collect the electrons un- 
til they're driven negative, and can attract no more current. 
¢ are attracted with considerable velocity by the invisible charged image, where the beam has written. They 
hit hard enough, not only to keep the phosphor bright, but also in a way that each entering primary elec- 
tron knocks loose one secondary. 
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Thus the written area neither gains nor loses electrons, and remains positive, able to keep attracting the flood 
current; thus it can store the bright trace as long as you need to. 


You may compare the action of the primary electrons on the charged areas to the action of a strong stream of 
water falling from a height into a cup. It will never fill the cup, because its own force keeps splashing some wa- 
ter out. Another cup, held close to the faucet, would be filled by the same stream. This, then is the phenomenon 
of storage: the same flood current that holds the background dark also holds the written trace bright-and it 
will do so as long as you want it to. 

Things are much more complicated in reality, and huge researches led to the practically usable storage oscillo- 
scopes, that where helpful, if not necessary, for the evolution of human science, not only in electronics but in 
dozen of other fields. 


In the photo: the 7623A storage control board. Its purpose is to produce the proper pulses to allow the storage CRT to perform its duty. Note the 
usage of the first 74-Series integrated circuits. 
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7633, 2,222 div/us 


In the previous edition I was a victim of the Tek’s confusion between cm/us and div/us, and, worse, I forgot to consider the 
7854/7954, confirming that I am not an historian, but only a guy trying to put together some information. Now I try again 
after having studied more... 


Ina storage oscilloscope, it’s easy to understand that a critical point is the capability of the CRT to 
register fast events. The writing speed is measured in cm/us or div/us, (the latter is more 
impressive being divs smaller than cms). In 1972, the entry level 7000-Series storage scope, the 
7613, could reach only 4.5 cm/s, while the 7623 was at 100, far below the photographic paper (up 
to 15,000 cm/s). 


In 1974, the 7633 was introduced, with __| 7018 | 7625 | 7655 | ctscan| 76284 | 76258 | 


exactly the same writing speed of the 7623, ae 
Fast var pers | loo | 150 | zee | 150 | 
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but with a tricky improvement: sensibly 


reducing the scan dimension, increasing the aca. as 7633 
on the right: the eens 000 Ct Tt arcu ee ae 
reduced scan, sig- another advantage: reducing the division 
naled by the yel- size, the improvement in the writing 
low lamp on, was F ‘ 
not a very ele- speed was even more impressive: 
gant solution in- 2,222 div/us. The 7633 was so capable 
ei ee to avoid, in many applications, the 
only because the trouble of the photo camera to catch 
nee ca iinalgas non-repetitive events, with comparable 
aad writing speed, becoming so a competitor 
much better of the camera itself. 

The time for This improvement is achieved by 

ease : oa increasing the CRT cathode voltage from 1.5 
al storage tech- ° ° 

logics was oom: kVin the full scan mode to 3 kV, which 

ing. results in higher beam energy and a smaller 


spot size, and downgrading cms to small divs. 


ono. 
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@ ‘—_ be ha The storage technology was however starting 
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Year | div/us | div/us 


Top and = 


7613 1972 4.13 5 


7623 1972 100 111 
7633 1974 135 150 
7623A 1975 135 150 


a ag : 7623A reduced | 1975 | 1,000 | 2,222 
In 1975, the 7623A just introduced some improvements 7834 reduced | 1977 | 2,500 15,500 


over the 7623. 7934 reduced 1987 | 4,000 | 8,800 
The swan’s song of the CRT storage technology were 
the 7834 and the 7934, both in the 7904 form factor: 
¢ the 7834, built from 1977 to 1986 offered 2,500 
cm/us (5,500 div/us) in reduced scan mode; 
¢ the 7934, built from 1987 to 1991 offered 4,QQ@ 
cm/s (8,800 div/us) in reduced scan made; 


I learnt that the 7934, that came out in 1987, 
late in the 7000-Series lifecycle, was not 
listed in the 1988 catalog, for not known 
reasons. It reappeared in the 1989 editions. 
Perhaps doubts that it could be too late for 
CRT storage, being already in catalog scopes | 
such as 11401 and 11402 DSOs? | 


In 1991, Tektronix decided to drop all the 
CRT storage models, but the new 7923B, 
practically a renamed 7633, and the top gun 
7934. Still alive, but briefly. The two had had 
their days, and the DSOs were the absolute | 
winner over the CRT storage technology, now WF 
on sunset boulevard. This makes the 7633, in | 
my eyes, one of the most significant pieces af 
my little collection. 


(7954 71854) 
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writing speed 


I wish to finish talking about the storage scopes, trying to better explaining to 
me the meaning of the writing speed parameter, that we already met 
talking about the 7844. 


The writing speed does not coincide with the sweep speed, because in 
general the trace runs not only horizontal but also vertical. So, we have to 
consider the effective path that the electronic ray travels, painting the trace on 
the CRT. The writing speed coincides with the sweep speed only when the 
trace is perfectly horizontal. A perfectly vertical trace, instead, impossible in 
the reality, should require an infinite speed. 


For simplicity, consider a real case of a repetitive 4oMHz sinusoidal signal 
(see the photo in this page, taken in repetitive non-store mode), but let’s 
pretend that it was a non-repetitive event, using the single-sweep mode. In 
non-store mode, without a camera, you just see nothing, the event is too fast. 


As you can see, each CRT horizontal division contains about 4 almost vertical 
segments, each long about 4 vertical divisions. For each horizontal division, 
the trace travels so for 4+4+4+4+1 = 17 divisions. 


As shown by the readout system, the scan speed is, in this case, of 50ns/div. In 
500 ns the trace travels for 170 divisions and the speed is thus 340 div/us, far 
above the maximum store mode declared by Tektronix for the two 
oscilloscopes we are examining (respectively 100 div/us for the 7623A and 150 
div/us for the 7633). 


Now let’s go to STORE, VAR PERSIST, FAST. The photos ® and @ compare 
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the behavior of the 7623A and 7633. Both scopes are clearly not perfect, and this is not surprising: 
(but anyway without the inconvenience of a camera!). As expected: 
¢ the segments at top and bottom of the sinusoid, where the vertical speed is zero and only the 
horizontal component is present, are drawn at about 20 div/us and are clearly defined; 
¢ the 7633 performs however something better than the 7623A (150 vs. 100 div/us). 


Ido not report pictures of the other storing modes common to both scopes, that are definitely worse, 
but a word of praise to both, still performing rather well after near 50 years, without any revision. 


But now, let’s see if the 7633 reduced scan mode, that promises 2,222 div/us, really carries benefits 
or less. The answer is absolutely yes, as you can see by photo ® (note the REDUCED SCAN orange 
light on). The display is smaller and so the division size, but there is also the evident effect of the 
higher beam energy and the smaller spot size, due to the increased CRT cathode voltage from 1.5 kV 
1 +) i a aE to 3 kV (the real display is much better than my photo). 
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Subsection 


Digital storage mainframes 


The 7000-Series tree has the roots when the transistors were still a novelty, but the fronds in the 
modern world of digital storage oscilloscopes. 
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7000-Series mainframes 


Box Beaverton, Oregon 97005. In Europe TE! 
196 a Guernsey, C.1, U.K. . 


The WP1100/DPO 


If Iam not wrong, the first kind of a DSO had been presented by Tektronix in 1973, based on the 
7704A, with an added piece, the P7001. It was called the Digital Processing Oscilloscope (DPO). 


With reference to the 1973 advertisement page on the right, this DPO relied on the architecture of 
the 7704A (note the “A”), very different from the original 7704 (without the “A”), being split in two 
parts: 
¢ the Acquisition Unit, i.e., the lower half of the 7704A, with the flexibility of accepting all the 
7000-Series plug-ins; 
¢ the Display Unit, 1.e., the upper half of the 7704A, i.e. the CRT and related controls. 


In the middle between the Acquisition Unit and the Display Unit, a new component is added: the 
new P7001 Processor. It has the ability to digitize a waveform, storing the digital data ina memory, 
and providing the capability to convert those data to analog form for display. Furthermore, the ' : > 
P7001 offers an interface with an external minicomputer, that can read the memory for processing ' 
and write the memory with the processed data. 


So, the 7704A plus the P7001 does not compose a DPO themselves, an external unit is required to 
complete the cycle: a minicomputer (Tektronix used Digital Equipment PDP-11) or a programmable 
calculator, such as the model 31 by Tektronix, that we see on the right after the wedding. 


P7VOO1 
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Model 31 computer 


Thad no idea that also Tektronix had been producing programmable desktop calculators, like the 
yummy model 31, which, married with the DPO, constitutes the WP1100 waveform processor. 


The Model 31 was very powerful for the times. Among other things, it used standard algebraic 
notation in order to evaluate mathematical expressions, with normal operator priorities: first 
exponentiation and root extraction, then multiplication and division, last addition and 
subtraction, and it was possible to change the processing order using parentheses. In 
other words, to evaluate 3 + 7x 5, you had to type 3 +: 7x 5 and press “=" to 
get the result. The 31 featured also a complete set of transcendental 
functions and supported conditional branching and 

subroutines. 
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A model 21 existed, capable only to store simple programs 
composed by sequences of keystrokes. Both had a tape unit to stare 
programs and data and a printer. 


The married couple WP1100 was not, as mentioned, the only waveform 
processor offered by Tektronix. Other were based on larger minicomputers, 
with better performances and easiness of use. 


The applications of the WPs opened a new world of applications, such: 
¢ signal averaging to extract signals from noise; 
¢ viewing of a signal after passing it through an arbitrarily constructed digital filter- 
one that may not even be realizable in conventional circuitry; 
display of a signal in the frequency domain by calculating its Fourier transform; 
correction of signal errors caused by such limitations in the measuring equipment as 
nonlinearity, small impedance mismatches, and the like; 
* automatic scaling of a displayed waveform to any convenient. form - a logarithmic frequency 
scale, for example. 
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7854, the treasure 
of the crown 


The last, the most complex and one of the most expensive ever: king 7854 goes beyond the 7000- 
Series. You will forgive me for reserving a large space to one of the most intriguing electronic 
instruments in the history of electronics. The last scion of a generation of heroes. 
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His majesty ‘7854 Va ) . cick: 


“Once upon a time” starts every tale. I started instead this tale writing: “I don’t own a 7854 and it is 
unlikely I will ever own one. It is too rare and too expensive. But I could not let out of this book the 
ultimate and most exciting expression of the 7000-Series, so I will rely for this description on the 
TekWiki documents and other info from the Internet”. 


That was what I wrote when I decided to talk about the 7854. In the meanwhile I found a 7854 on 
eBay and I bought it. Later I found also the related “Waveform calculator” and bought it as well. I 
confirm it is expensive, but I have now a 7854 to describe here. 


I hope I will be able to thoroughly describe this gorgeous piece of equipment, referring correctly | : 
how much more than a normal oscilloscope it is. thom ‘ +} = = = TeasemING 


Externally, the 7854 is very similar to other 4-bays, scopes, like the 7704 or the 7904, and can be 
used exactly like those. But... the 7854 is also one of the first Digital Storage Oscilloscopes (DSO) 
ever. Not very performing in the single sweep mode (just 500.000 samples/second), but in sampling 
mode it allowed to exploit its full 4o0MHz bandwidth (having the proper plug-ins). 
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But the most exciting feature is having put together in one box: 
¢ a traditional top-class oscilloscope; 
¢ a DSO; 
* a programmable a calculator 
¢ a Waveform Processor, for the waveforms that have been acquired by the DSO. 


To my extreme delight, the 7854 uses the Reverse Polish Notation logic, that, to be understood, of the 
old Hewlett-Packard calculators, like the HP-35. 
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7404A with P7001 


and Tektronix 31 calculator 


7854 with the 
Waveform Calculator 
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Seven years after the WP1000 


The 7854 arrives 


In 1973, it was perhaps too early for the DPO. It was expensive (it used magnetic core memory), its 
performances were low (150 k sample/sec), and, probably, computers were too new for the largest 
part of engineers. 


Seven years later, in 1980, things were very different and the world was ready for the 7854 arrival. 


Iam not sure that we can consider it the first commercial DSO, but I can imagine that it had 
however a disruptive effect. It also gave the 7000-Series a whole new range of applications, 
extending its lifecycle, thanks also to the 7854 capability to be used as normal oscilloscope. If you 
already had a 7000 oscilloscope, you could keep all yours plug-in, saving on the investment. If you 
didn’t, you could choose among a variety of plug-ins that perhaps only Tektronix could offer, and 
buy however a normal oscilloscope, with a possible path to the future, that could be afforded 
gradually. 


As you can see here in the pictures, the base concept of the WP1100 was kept unchanged, even if, as 
we will see, with a different and more modern technical approach. 
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Just like an oscilloscope 


The first 7854 wonder is the SCOPE key. Pressing it, the beast becomes a doggy and behaves exactly 
like any other 7000-Series oscilloscope. Looking at the CRT, apart from the message “SELF TEST 
COMPLETE”, you can hardly distinguish from, e.g. a 7904. The more evident clue is the readout 
calligraphy, more precise and modern. This offered also the possibility of a gradual approach to the 
new world, for the electronic technicians who had to afford this important step. 
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Let’s go digital! 


Just press a key 


Let’s now press the ACQ key: the realtime trace that we see on the screen is acquired and stored in 
memory, together with Scale factors (vertical deflection factor and horizontal sweep rate) with 
units, and the vertical zero reference (VZR), since all are required to fully specify the waveform 
values. If you want to switch from the realtime trace to see the stored trace, just press STORED. The 
display changes, as shown in the picture. 


Memory organisation 


The manual explains with a million words, examples and clarifications the general logic of the 
storage. I have found it a bit confusing. Here below its distillate, non really complex indeed. 


There are four memory spaces where is possible to store waveforms, called WFM (Waveform 
Memories). 


Each WFM is a space corresponding to 10 x 10 screen divisions. 
¢ vertically, each point is represented by 9 bit; each division is so 51.2 points high; 
¢ horizontally, each point is represented by 9 bit; each division is so 51.2 points wide. 


In other words, each WFM is 512 x 512 bit. 


Note however that: 
¢ vertically only 8 out of 10 divisions are displayed (the CRT is not square but rectangular); 
¢ it is possible to raise (>P/W command) the horizontal resolution to 1024 reducing to two the 
number of the available WFM. Setting the horizontal resolution to 256 bit, you get instead 8 
WFMs; setting to 128 bit you get 16 WFMs; 
¢ the command >WFM allows copying the content of a WFM to another. 


What you see on the screen when you press STORED is not a separate memory, but is simply one of 
the WFM, called OPW (operational waveform). When you acquire a waveform, it goes in WFM o 
(zero) and OPW points to it (OPW o). You can decide to make visible instead another WFM with the 
command WFM (and the OPW on the screen changes accordingly). 


Note: All the operations described above require the Waveform calculator connected to the 7854. 
We will talk later about it but it was necessary here to introduce the base concepts. 
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The ground reference 


An important point to always remember is that the 7854 is basically a normal 7000 scope with an 
added digital part. The link between the two parts, the analog scope and a digitizer, is the readout 
system (see the diagram below): the digitizer, like an OCR, “reads” the readout strings and 
interprets them. A very simple and genial idea to leave most of the analog part unchanged. 


That means also that, differently from modern DSOs, a human servant must be always present to 
turn the knobs. The digitizer microcomputer has no levers to change, for example, the vertical scale 
or the scan speed. 


The idea has only one weak point: the ground reference. The human operator could have moved it 
where he likes, and the digitizer has no way to understand it. To be more clear, if my trace is a 
constant straight line, does it mean OV, 1V or -2.37V? 


So, anew GND button has been added. If we want a GND reference different from the middle of the 
screen, we must simply set the vertical input to ground, position the trace were we want and press 
the GND key. Simple and fast. 
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Processing the waveforms 


Stored traces 


Now that I have acquired and stored the waveform, I can examine it, also at a later time, even if I 
switched off the oscilloscope and switched it on again, provided that I connected a +6.25V power 
source to the two banana plug that are present on the back panel of the instrument (I thought that 
few mAs could be required, but the manual asks for 0.7A!). 

As we saw, I can have a number of stored waveforms, from 2 to 16 depending on their resolution, so 


Ican compare them among each other or also with a real time trace (pressing the BOTH key, 
obtained with the “shift” f-key first and the STORED key after). 


Operations possible without the external keyboard 


Also without the Waveform Calculator, that we often will call with its true name of external 
keyboard, many calculations can be done on the stored traces, and precisely: 


¢ MAX - Maximum ¢ MID - Vertical midpoint ¢ FALL - Fall time 

¢ MIN - Minimum ¢ ENERGY - Energy * RISE - Rise time 

¢ P.P - Peak-to-peak ¢ AREA - Area under curve ¢ DELAY - Delay 

¢ RMS - Root mean square ¢ FREQ - Frequency ¢ WIDTH - Pulse width 
¢ MEAN - Average value ¢ PER - Period 


So, for example, display a complex waveform, press RMS and get its Root Mean Square value. 


Cursors 


Cursors are an important tool in an oscilloscope and, in this book, we propose more ways to get 
them in traditional 7000-Series scopes. 


Even without the external keyboard, the 7854 gives you true, modern measurement cursors that 
you can activate just with a key (f+CSR1 or f+CRS2-CRS1, respectively for one cursor or two 
cursors). Cursors can be moved with self-accelerating CRS1<, CRS1>, CRS2< and CRS2> keys. 
The screen shows with a A sign the horizontal and vertical difference in the cursors position, 
taking into account the scale factors. 
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The “Waveform calc 


A bombastic name 
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ulator” 


It seems clear to me that there was a precise willing to keep the general structure of the original 
DPO, with a something like a computer, but separate from the instrument. The proof is that the 
programming keyboard received the bombastic name of “Waveform calculator”, clearly dictated by 
the Marketing, being it just a simple passive matrix keyboard, not magnificent neither from the 
design point of view, but really well built and robust, with its Aluminum box. 


It connects to the 7854 with a cable terminating in a DB-25 connector. 


Not talking yet about programming 


The keyboard adds as many as 81 keys to the 7854 (some are duplicated from the front 
panel). Most of them allows to give direct orders the 7854, that it can execute immediately. 


We will talk later about programming; now we want still say something about the operations 
that we can do without programming. Programming is basically storing sequence of commands, 
with some extra capabilities. 


Testing direct commands 


We already saw the built-in calculations and cursors movement. Now you can try to move the 
traces (VPUP, VPDN), play around with the already described memory commands (WFM and 
WFM>) and many others that you can find on the manual. 


It is time now to pass to discuss the 7854 programming approach. 
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Forget the Model 3 


Judging from the Model 31, I could imagine that, at the beginning of the seventies, Hewlett & Packard 
was not alone in the field of programmable calculator. For a perfect ignoramus like me, who also 
babbles forty years later, it seemed logical to use this Model 31 as a starting point for the 7854. 
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So, it was weird for me, 
discovering that 7854 did not ee . 
exploited the great Model 31 i 2 | 
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HP calculators 


The beginning 


Hewlett & Packard, or shortly HP, entered the market of the calculators in the sixties, copying the 
Olivetti Programma 101, defined by many as "Desktop Computer" and considered by a part of 
computer historiography to be the first personal computer in history. The US company reached an 
out-of-court settlement, awarding Olivetti a royalty fee of US$900,000 (from Wikipedia). 
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The 9600 tabletop calculators 
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In 1975, I knew nothing about Olivetti and Programma 101, but I was in love with the HP-9600, far 
away from my economic capabilities like the Andromeda star. So I tried in any way to reproduce it 
with a Fairchild F8 microprocessor, with some success, also on the commercial side. 


The handheld calculators 


But I was not alone, not able to buy an expensive programmable calculator, so HP focused on 
creating something smaller and more affordable. The first result was the HP-65, followed by the 67 
and the 97. They had an incredible success and were the opportunity for many to get acquainted 
with the electronic computing. 


Also the HP-67 remained a dream, because when I had the money to buy it, it was no longer up-to- 
date and attractive for me, until few years ago, when I bought one in the States (see its photo here 
on the left), discovering what I did not understand at that time, i.e. that it was not so practical to 
use as I thought. In reality, those key coordinates used as opcodes, made its programming almost 
more difficult than using directly the octal opcodes on the PDP-8 panel switches! 
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But, even if complex, people could easily understand them, thanks also to the very good HP manuals 
and promotional leaflets, finding a possible way to fulfill their even complex calculation 
requirements. 
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Despite all that, in my humble opinion, in 1980 the time of dedicated keyboards had passed: the 
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® coeval HP-85 had now a full ASCII keyboard, and a BASIC interpreter could have been perhaps a 
c) better choice. But Iam happy today that the 7854 kept this programming system, so wonderfully 
° cumbersome and amusing for us toys players... 


It must be like that! 


The result has been that 7854 uses a programming language and a general logic very similar to HP- 
handhelds, I suppose not by chance. Most of the commands, when not specifically linked to 
waveform processing, have even the same names. The only differences that I noted are >CNS and 
CNS instead of STO and RCL. 


Why? 

Which were the reasons of this choice? Searching in the various documents that I could find on 
TekWiki, I found precise answers in an article by Val Garuts and Jim Tallman, of Tektronix, 
published by Electronics magazine on March, 13 1980 (“On-board digital refines scope processing 
measurements”). 
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The first reason is that “extending a language like Basic so that it would be able to perform waveform 
operations would dilute its familiarity. Using a key-stroke language, each function is represented by a 
single labeled key. The system’s capabilities are easy to learn and remember.” Another advantage of a 
key-stroke language was that “it permits one-finger push-button operation, which is more at home in 
the lab than two-handed typing”. 
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The real reason? 

But the real reason, I believe, is confessed later, after having spoken in favor of the RPN logic: 
“further forcing the choice is the fact that more engineers are familiar with RPN”. Clearly, they 
couldn't explicitly write that most technicians were using HP calculators. 
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Follow the leader 


So, in the end, also Tektronix fell to the charm of this kind of programming and eventually also the 
good 7854 documentation resembled the HP’s one, as shown here on the left. 
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This is not a criticism: on the contrary, I appreciate the Tektronix capability to accept and embrace 
new good ideas, even if from direct competitors. Not many other companies would. 


Great Tek! 


Tek had the great merit of putting together the best: the unmatched 7904 oscilloscope (with all the 
benefits of the 7000-Series), with the advantages of the HP calculators’ logic, but furthermore oa 22 ' 
removing their biggest limits, thanks to the large and neat CRT display; a concrete improvement delrapnll a _ 
over the numeric micro-display of the HP calculators. ee 
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The Reverse Polish 
Notation 


Some personal notes 
My first contact with the Reverse Polish Notation (RPN) started with the HP-35, that my father 
purchased for me me in 1973, when I was studying for the Electrotechnics exam at university. It was 
an important present and I considered myself lucky to own such a futuristic device. It taught me the 
RPN;; if you want to calculate 3 + 7x 5, you have to type (3) (ENTER) (7) (ENTER) (5) (x) (+). Not 
very intuitive at beginning, but very practical when you get used to, and still now I am more 
comfortable with it than parentheses, and keep in my iPhone an HP-35 emulator that I use instead of 
Apple calculator. 


The HP-35 manual was very well done and 
you can see few pages from it in the facing 
page. 


We loyal to HP calculators were convinced of 
the absolute superiority of the RPN, but, 
years later, writing my first programming 
language interpreter, I understood that it was 
simply the way to save a fair amount of 
complexity and code, not an advantage for 
the user. But RPN was our flag and we were 
its proud soldiers... 


I never could have imagined, after all these 
years, that I would still be talking about the 
Reverse Polish Notation, that, besides the HP- 
35, had a great importance for me in 1976, 
when I started producing one of the first 
personal computer, based on Fairchild F8 
microprocessor, that used a language named 
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RPN-8, that I wrote completely using machine codes, without even an assembler. Hard to believe, it was 
really used to write real accounting programs, that were really utilized in the field. Later I wrote a BASIC 
interpreter for the Z-80, which had the algebraic expression parser and that was thousands times better 
that the RPN-8. You can find here the original manuals and much other stuff. 


In the photo on the right, the HP-35 electronic board (from WikiMedia). KO4 
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Not just a 25 kg 
calculator parece ts ll 


square wave (not exactly |s — i Ene 
clecemae | EA Sd rene aoe 
and do some operation f 

ii 


Differences es O's re 
, ‘ : : ; ; © and @ acquire and F| 
Coming back to RPN, it was cumbersome ,but in some way practical and effective, so the Tektronix’ store waveforms: ooo 
choice to follow the successful HP calculators for the 7854 can be understood. Respect to them, I find de i eEM sine w. 
interesting to note two things: SO exe 
- differently from the HP calculators, the 7854 has five stack register instead of four, with the W = prelecaeaa 
register added; screen: 


¢ in the display numbers are indicated as we use for electronic quantities. E.g., a “m” means “milli” ed 
and “yu” means “micro”. So 100, is 0.000100. But when you enter them, you must digit 0.0001. 

¢ (!) each register may contain a number or a waveform (really a pointer to a WFM) and that 
opens a world of possibilities. 


i UPD | oepeat) 


© multiply sine times 
quare: 


i WF 
Waveform Processor ish 
© sum the waveforms: 
The content of the X and Y registers are always displayed on the CRT. When the X or Y register 1 WER 
contain a waveform instead of a number, the display says “n WFM”, with n = number of the WFM. 
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As you have certainly imagined, that opens an entire new world: you can execute operations with 6 chide the 
° e . waverorms: 

waveforms like they were numbers! So, for example, if you have a trace with a voltage and a trace 4 WEN 

with the related current, you can produce a new trace with the instant power, just multiplying them 2 UFM = 


each other. See some examples on the right. 


In the same manner, you can apply any function on them (EXP, LN, INT, DIFF, INTG etc...). 
Wonderfully powerful... thanks to 7854 I eventually understood what a Waveform Processor is... 
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Programming the 7854 


The programming logic is definitely similar to HP calculators: a key correspond to a mnemonic that 
appears on the screen when pressed. E.g., you press a key and you get on the screen “IF x=y”. The 
result is that the listing, thanks to the screen, is rather easy to read and to understand, while the 
data entry makes almost impossible to make typo errors: you cannot write “IF x=q”. 


7000-Series mainframes 


Someway like some human languages based on ideograms, the problem with this type of logic is ir 
that when you extend the language, you should increment the number of keys or exploit key i 
combinations, and that is his limits. HP-67 had “only” 35 keys; it was so necessary to assign up to 4 / | 
meanings for each key, using three prefix keys f, g and h. The HP-67 bigger sister HP-97, otherwise 4 t | F- 
exactly the same machine but with an added printer, had however 56 keys and could so reduce the £a LL“ = 


prefix key to just one (f). The Tek WC has 81 keys and can thus rely on a single “f" function key. f ——— a 
— a Vom Ne 


a ca a 


Anyway, the chosen method was, all in all, not so bad, and the Tektronix implementation in f : 7 ae! eee! ee! ed — —_ \o_ 
the 7854 was good enough. The result is still today not despicable. J — . " Nemes mee Ne 
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Software commands 


¢ AOR Acquire repetitive signals 
¢ AQS Acquire single shot signals 
¢ AVG Signal average 

¢ GND Acquire ground reference 
¢ RDOUT Acquire plug-ins readout 


¢ DELAY Delay time 

¢ WIDTH Pulse width 

¢ RISE Rise time 

¢ FALL Fall time 

¢ PER Period 

¢ FREQ Frequency 

¢ MAX Maximum 

¢ MIN Minimum 

¢ P-P Peak-to-Peak 

¢ MID Vertical mid-point 
¢ RMS Root mean square 
¢ MEAN Average value 

¢ AREA Area under curve 
¢ ENERGY Energy 


¢ CRS1 One cursor 

¢ CRS2-1 Delta cursors 

¢ OFF Cursor(s) off 

¢ VCRD Recall vertical coordinate 

¢ > VCRD Move to vertical coordinate 

¢ HCRD Recall horizontal coordinate 

¢ >HCRD Move to horizontal coordinate 


¢ SMOOTH Smooth 

¢ INTG Integrate 

¢ DIFF Differentiate 

¢ ITRP Interpolate 

¢ ORD Recall Ordinate 

¢ >ORD Change Ordinate 


¢ SORT Square Root 

¢ LN Natural log 

¢ EXP Exponential 

¢ ABS Absolute value 

¢ SGN Signum either +1 or -1 


¢ ENTER Pushes stack 

¢ ROLL Circulates stack 

¢ X<> Y Interchange X and Y 

¢ CLS Clears all stack registers 
¢ CLX Pops stack 


¢ - Subtract X from Y 
e + Add X to Y 

¢ * Multiply X by Y 

¢ / Divide Y by X 


¢ PROG Switch to program entry mode 
¢ CLL Delete program line 

¢ CLP Deletes all program lines 

¢ NEXT Advance to next line 

¢ PREV Back up to previous line 

¢ EXEC Return to execute mode 


¢ STEP Executes a single line 

¢ IFY>X Test if Y is greater than X 

¢ IFX=Y Test if X is equal to Y 

¢ LBL Line label 

¢ GOTO Unconditional jump 

¢ START Begins execution at line 000 

¢ RUN Begins execution at next command 
¢ GSB Go to subroutine 

¢ RTN Return from subroutine 


¢ SCOPE Conventional scope display 
¢ STORED Stored data display 
¢ BOTH Stored data plus real time waveforms 


¢ DOT Discrete dot display 

¢ VECT Continuous vectored display 

¢ DSW Display waveform 

¢ VS Waveform versus waveform display 
¢ TIME Waveform versus time display 

¢ CLW Clears one waveform from display 
¢ CLD Clears all waveforms from display 


¢ WFM Recall waveform 

¢ >WFM Store waveform 

¢ PNT Recall waveform point 
¢ >PNT Store waveform point 
¢ CNS Recall constant 

¢ >CNS Store constant 


¢ VXPD Vertical expand 
¢ HXPD Horizontal expand 


¢ VSCL Recall vertical scale 

¢ > VSCL Change vertical scale 

¢ HSCL Recall horizontal scale 

¢ >HSCL Change horizontal scale 


¢ VZR Recall vertical zero 

¢ > VZR Change vertical zero 

¢ VPUP Vertical position up 

¢ VPDN Vertical position down 

¢ HPRGT Horizontal position right 
¢ HPLET Horizontal position left 


¢ SAVE Transmit user program 

¢ SENDIX Transmit waveform or constants 
¢ READX Receive waveforms and constants 
¢ TEXT Transmit all alphanumerics 

¢ >TEXT Receive text 


¢ SWL Set level to TTL low 
¢ SWH Set level to TTL high 


¢ . Decimal point 
¢ 0-9 Digit keys 
¢ EEX Enter exponent 


¢ CHS Change Sign 
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Most programs can be performed manually, issuing the single commands via the Wave- 
form Calculator, or stored in memory and executed in sequence. Here on the right, a 
simple program that measures the rise time, the fall time and the width of a pulse. Al- 
though old and out fashioned, the programming language is easy enough and powerful, 
especially for its ability of processing waveforms as numbers. You can, for example, sum, 


subtract, multiply, divide them, with numbers or with other waveforms. 


Galas 


The use of the Reverse Polish Nota- 
tion is not very instinctive, but, when 
you learn it, it’s rather practical. 


You can use the 7854 as a 25kg calcula 
tor issuing commands directly, but pro- 
gramming exploits its true potential. 
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A little suggestion 


Honestly, programming the 7854 is not trivial. Besides the 
rather cumbersome programming language and logic, 
you have to deal with a not properly user friendly 
keyboard. Even to write small programs requires time 
and patience. 
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But when you switch off your 7854, you lose 
everything! The initial idea was that you always have a 
GPIB controller, from which you can save programs 
and load them back. 


Tektronix designers added however a small support 
also for the rest of us, who probably have today just the 
stand-alone instrument: it is “sufficient” to power from 
outside the 7854 memory. According to the manual, a 
0.7A power supply is required, but I could check that 
only 300mA maximum are drained. 


So the simple solution: buy this inexpensive power 
supply from Amazon, set it to 6V, and connect it to the 
rear-side receptacles using two banana plugs, as 
shown on the right. 
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Programming for what? 


We talked with great enthusiasm of the 7854 capability to be programmed. But what can we do 
with it? These are some examples taken from the Tektronix document “7854 APPLICATION 
PROGRAMS": 


+ Amplitude comparison in dB; 


Reversing waveform in time; 

Logarithmic sweep display; 

Running maxima and minima; 
Characteristic impedance (Zo ) from a TRD 
display; 


« Area of X-Y¥ display; 


Time jitter measurement; 

Period measurement of eight cycles of a 
uNiveform,; 

Rise-time with cursor positioning; 
Pulse width with cursor positioning; 


+ Rise-time from 20% to &o% level; 

: Pulse symmetry measurement; 
Building waveforms; 

+ Averaging waveforms; 

Standard normal distribution and one- 
sided probability test; 

Storing data as a waveform and standard 
deviation; 

Least squares estimation; 

Envelope mode; 

Simultaneous XY and YT; 

Gain and phase measurement. 


Another interesting document that you can download from TekWiki ts “Introduction to Tektronix 
7454 oscilloscope measurement and programming techniques”. 


INTRODUCTION TO 
fi54 OSCILLOSCOPE 
MEASUREMENT AND 
PROGRAMMING 
TECHNIQUES 
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Programming thru. 
GPIB (IEHE 488) 


We talked before about the 7854 native programming and gave same examples of what we can do. 
The 7854 can be however programmed also by an external processor, like the old DPO, using the 
IEEE 488 interface. 


IEEE 488 is a parallel interface bus developed by Hewlett-Packard as HP-IB (Hewlett-Packard 
Interface Bus). It is today generically known as GPIB (General Purpose Interface Bus). Thanks to it, 
you can plug your GPIB devices together without encountering any mechanical or electrical 
difficulties. The GPIB became the subject of several standards. Initially (IEEE 488.1), the IEEE 
formalized the mechanical, electrical, and basic protocol parameters, but said nothing about the 
format of commands or data that were defined subsequently, but that happened years later the 
7854, so it has no interest for us. 


So, beyond being a powerful stand-alone measurement and analysis tool (differently from the 
DPO), the 7854 can also be used as a system component, because it contains a IEEE 488 (1978) 
interface. Thus, the 7854's capabilities and capacities can be further extended by adding a GPIB 
compatible desk-top computer or a minicomputer. The combination can be for any purpose, from 
simply providing more program and waveform storage space to providing additional 
computational power. 


Iam going to test this 7854 capability, but Iam aware of the related difficulties. I need a proper 
interface and a processor where to run a proper BASIC interpreter (an MS-DOS computer?), that 
can send commands/data to the 7854 and read data back from it. It will be a job to do after the 
incoming 7854 restoration. I will keep you informed. 
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The Tektronix designers did a 
great job, and succeeded putting 
the 7854 in the same volume as the 
7904 and other 4 slot housings 
(apart from the small rear 
protrusion of the fan). In the space af 
the calibrator, the readout board and 
the HV module, they put an entire 
computer composed by seven boards 
and an interconnecting plane in a very 
neat assembly: 

¢ the MPU board; 

¢ the RAM memory board; 

¢ the ROM board; 

¢ the GPIB interface board; 

¢ the display board; 

¢ the logic board; 

¢ the acquisition board (in the phota 

here). 
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Note in this picture the rear part of the DC 
controlled fan motor and the robust rack 
where the boards are allocated. The 
Aluminum cover has been removed to show 
the details of the acquisition board. 
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The terrible ROMs 


One of the more common problems with the Tektronix 7854 is ROM rot. Over time, the 
Mostek mask ROMs start losing bits. It’s a well known issue that has been discussed online 
a number of times. The problem appears or with a total black-out or, more frequently, with 
a self test code shown at start-up on the front panel big pushbuttons lights, as shown in the 
photo below. There are various strategies \ to fix this problem. See the restoration 
Restoration section. 


O The best overall solution is to use the alternative to 
the original ROM designed and produced by 
Engineering Ideas. It has a low profile and the same 24- 
pin size of the ROM and uses modern components (here 
| in photo on the left). 


@ Substitute the ROMs with with pin-to-pin compatible 
MCM68764 EPROMs (or MCM68766), programming 
them with the same original code that you can 

»~ | download from TekWiki (you need to use the same suffix 
as yours, e.g. 150-0408-00). Note that the CY7C264 is 
NOT GOOD, because it has a different A10, A11 and A12 pin assignment. 


In both cases don’t forget to set the CL/ST jumper to STatic. The original ROMs work only in clocked mode, ie. the /CS signal must 
return high after every read. That is the reason because I could’t read them as 2764, even with an adapter that I built. 


The two U400-U410 2716 should not have problems, unless also the U120 PLA is damaged. The three are used only to upgrade 


the ROM. So, if you use the n+1 version of the ROM, you can remove them. E.g., I have -00 ROMs and -01 EPROMs. Using ROMs 
-01 I could remove the EPROMs. 


© The VintageTEK Museum used to suggest a different alternative, using two 27128 
EPROMs, with an adapter from Retro Innovations and some modification work, but today 
offers a fantastic replacement board (see next pages). 


This adapter is not good, as you could think, to just use 4 x 2764 in place of the ROMs, because the adapters are 28 pin long and 
the ROM space is only 24 pin. 
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A new ePROM 
board! 


Most solutions for fixing the ROM problem require some modifications and have a common 
problem. The room between the ROM board and the nearby GPIB interface ts very tight, and 
stuffing the retrofit kit is not only hard but also rather impossible, so the boards remain somewhat 
bent. 


The new ROM board from the illustrious VintageTek museum overcomes completely this problem, 
and allows furthermore to 
select more firmware —— 


versions simply moving Ww — 
some dip switches. A great 
improvement indeed, thanks vingtes 7854 ROM CARD 
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The 7854 display board seems rather over-complicated at first sight. In the first eighties I designed a 
very simple board using the TMS9929, an exceptional (for those years) video display controller, son 
of the 9918 used in Commodore and other microcomputers (designing the board was 
straightforward, then I spent several months writing its software...). But the market available VDCs 
were all designed for a raster display, so probably no integrated solution existed and Tektronix had 
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Clearly, the GPIB controller uses instead an LSI, the 156-1246-01, as shown in the photo, marked 
SC80909LD. I could not find any info about this, neither on TekWiki. According the Tektronix 
internal “Common design part catalog”, this chip should have been -oo, while the -01 was based on 
Motorola MC6848BLD, but I got nothing on both. 
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another old flame of mine 


So the 7854 uses a TMS9904 CPU... Very strange for me, I had a peculiar experience with this family 
of microprocessor. I had personally lived the exciting microprocessor revolution era. Every day a new 
component came out, new solutions, new families of microprocessors. You could barely study one that 
another was already out on the market, confusing all your ideas. I clearly remember when Texas 
Instruments launched the TI-990 family, much more than a Z-80 or a 6800: 16 bit, with an 

architecture worthy of a mini... Immediate love... But I could only study it rather deeply, because the 
course of life took me elsewhere. 


Few years later, in 1979, TI 
“i a || decided to afford the personal 
Power you need ata price J : : 
you can afford, uf ie microcomputer market, with 
S the TI-99/4. At that time, I 
used to sell microcomputers 
like VIC-20, ZX-Spectrum 
and others. It was a 
surprise to find the 
mythical TI-990 in a low 
cost product, which 
outperformed all 
competitors by far. Also its }4 
quality was very good, and |;\ 
we got very few returns. | | 
Many reasons, and among 1 — 

them the lack of third- - = Phe mocked AMR ri 
party software, led TI toa , - "i weprising vorsaauiry 2 
price war with pte 
Commodore, a US$330 ee 
million loss in the third ae) 
quarter of 1983 and to the ms \ 
end of the TI-99/4. “ae 
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“On-line” help 


Today every kind of instruments has the so-said “on-line help”, normally a synthetic copy of the 
manual stored in memory, that can be recalled on the screen. At the time, memory was a scarce s. 


The 7854 was however a disrupting product, and the 7000-Series users were not yet acquainted 
with such a complexity. 


The solution was so a micro-manual, with just 4 plastic sliding cards, mounted on top of the 7854, 
Not very technological, but certainly practical. An absolute novelty, that we cannot find in other 
instruments of the series. A sign of attention to user problems. 


The plastic cards are rather robust, but maybe that not all the surviving units have them still today, 
so I have tried to reproduce them with a certain precision in the following pages, so that the pictures 
may be used to recreate new cards. 
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PROCESSOR OPERATION 
The digital processor in ihe 7854 operates using RPM (Reverse 
Polish Notation) The stack is the operator's primary input port to 
the processor and consists of five storage registers [X 
and ‘Vl 
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Let’s see how different the mainframes main amplifier are. 
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Vertical amplifiers 


When you look at them separately, they seems to be very similar each other. So I put them 
side-by-side, making evident that none of them has a double. 


I could imagine that the ancestor 1971 7904 had been evolved for the 1974 7844 and the 1980 
7854; they seems to be just an evolution of the same design. 


The 7603 is the bandwidth/cost-reduced version, whilst the 7933 had to add some complexity 
to manage the storage CRT. 


76035 


arora] boy 
AwT kh ms Sh iF Comprgeh oleh L TEX TAGS. IMC 
wr td? —— Z nin o Raph, Briersee 


256 


Horizontal amplifiers 


Here again we can see the evolution in the horizontal amplifier layout. The 7844, that as you 
know has two horizontal amplifiers, seems to have the most complex design, perhaps having 
to manage the complexities of the dual-beam CRT, while the 7904 and the 7854 seems to be 
more similar. Funny that each new edition added a transistor couple with common dissipator. 


The 7603 and the 7633, limited to 100 MHz, seems to be very similar. Both adopt the 155.0022 
Tektronix custom IC that drastically reduce the component count. 
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Z-axis amplifiers 


The Z-axis amplifier again sees complete different layouts, even if the 7904 and the 7854 
seems to have a very similar base design, besides the integrated HV circuit of 7904 (if you 
cannot find it... the 7854 Z-axis amplifier is in the fan compartment). 


As expected, the 7844 has a completely different board (they also are two for unit). The 7603, 
again, has reduced the package count with an integrated circuit. 
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Writing speed 
comparisons 


We already spent some words about the writing speed, a Very Important Topic indeed, that is worth 
some small talk more. Let’s remember how we defined it: the ability of a particular oscilloscope/ 
camera (if any) system to provide a useful photographic record of a fast single-sweep trace. If you like, 
it has eventually the same purpose of the samples/second of a non-repetitive DSO. 


The theme was delicate also in the seventies. Perhaps there was some indecisions also on the Tektronix 
side. In the table, you can note that the declared writing speed for the 7704, 7904 and 7844 had been 
significantly reduced from 1978 to 1981. 


I tried to perform a test on the scopes that I own, to see if the practice confirms the theory. I applied to 
the vertical input a 1 kHz square wave, and watched the behavior at 20 ns/div scan speed. In this way, 
the time for a full scan is 200 ns and for 999,800 ns the CRT is inactive. It is not a real writing speed 
measurement, but it can give a raw information for a comparison. Note also that this test is not valid 
in general, because the conditions and the aging of the tested unit are different. 


7704 | 1969 iN) 154-0609-00 | 8x10 Pil 47 | 000] C-51R 2,700 2,000 
7904 | 1971 No 154-0644-05 | 8x10 Eis 47 | 8000] C-51R 3,100 2,500 
7844 | 1974 No 154-0713-00 | 8x10 rid 47 | 8000] C-51R 1,700 1,000 
7854 | 1980 No 154-0644-05 | 8x10 PLL 47 | 8000) C-51 “ 2,500 
7603 | 1972 iN) 154-0640-00 |}9,8x122] Pll 47 | 8000) C-50 183 183 
7625A| 1973] Yes 154-0723-00 | 7.2x9 P31 : : 13.6 100 100 
7655 | 1974] Yes 154-0721-00 | 7.2x9 P31 + < 13.6 135 135 
465 | 1972 IN) 154-0676-00 | 8x10 NA 75 | Yes C5 n.d. n.d. 


7000-Series mainframes 


7904 7844 


7854 


The four non-storage oscilloscopes of this test. All the tests have been 7 6 @) 3} 
performed with the same vertical amplifier (7A24) in the right com- 

partment, and time base 7B80. The sawtooth has been checked and 

was as expected. 

Note the best performance of the 7904; the 7854, that uses the same CRT, stays very near. The bad result of the 7844 could be due to some circuit or 
CRT problems. However, its performance was declared less than one half the 7904 (see the table). Surprisingly good the 7603, inexplicably declared by 
Tektronix only at 183 cm/ys, but clearly better. 

Very interesting the different effectiveness of the 7603 delay line, that allows to explore near 90ns before the trigger event, while its bigger | #O4 
brothers are limited to a stretch of about 20 ns. 


a 
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i: 

: 

fOoo reduced scan 9 

7633 1655 stored XlOexpander = 

Q) 7633 (2) stored reduced scan stored — — ! y 


465 


@ The 7633 in mon-stora rapt al acl apead, L.. : @50ns/div 


even worse of what you can sae by the 


@ If you aocept some spots in the picture, you can obtain a ab 
Tidet correct ware shape out of the 7603 in store mode. 


@® As expected, tha 7H28 in stored reduced-scan mode represents 
almost. perfectly the the wave. 


@ I wanted gee what happened next: a wonderful 1 na/div on the 
TESS ia really enjoyable. The time base arrived to 10 na, then I 
used the x10 axpanalon. 


@ Also the T6254 receives a gift from the (Phoma photo cam 
ara. The real viedbility in mon-atorea moda ja indeed low and 
words than you can see here. 


®@ Definitely good the THERA performance in stored mode, 
better than [ expected, 


@ The non-storage clandestine: the 465 confirms its quality. 
The track is very bright and clean (at 50ns/div) and remains 


fi 6 20) A MN | even with the x10 expander. Good also the delay line. 
_ Writing speed comparisons 
Apart 7844, which I must better analyze, the tested oscilloscopes demonstrated to be still in good shape. The 


storage scopes went even beyond my expectations. From this test I understood that they really represented 
a step forward in the analysis of single shot events. I spent almost one day to produce these four page and a 


lot of photos; with a Polaroid photo camera J would have spent a billion euros for the film! 


An impossible challenge 


Twas studying the question of the readout system signals, and J wanted to see if the practice 
coincides with the theory. I get the readout T4 signal on pin A32 of a 7A26 plug-in in a 7603 
mainframe (@200us/div) and I try to examine it with my HP 54502A digital storage oscilloscope, 
not very new indeed (1991) but, with tts gooMSa/'s, is a spaceship, compared to my old stuff from the 
70. 
Tean get very easily observing the T pulse (photo 1). The digital storage is a great thing! Things 
become worse when J try to observe the pulse train, and all I can get is shown in photo 2. You can 
imagine that the temptation was strong... and what if I tried with the old 7633 CRT storage scope? In 
jew minutes Iam ready for the match. J start trying the non-storage approach with the 7633. The 
result is not bad, Dut the repetition rate ts low and J am non able to take a decent picture (the iPhone 
has perhaps its timing requirements, so I lose part of the trace). OK, I tell to myself, lets try going 
storage. This requires some attempts to get the optimal setup. The best results are obtained in single 
shot, VAR PERSIST, keeping the intensity not too high. The result is in photo 3, not bad at all. In Italy 
we have a proverb that says “the appetite comes with eating”, so J want to dare more, and try a 
mixed display using the delaying time base. Very good (photo 4)! But the real difference is obtained 
with the pulse train, that is captured much, much better than with the more modern DSO. 


THE CHALLENGED 
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The crowd breaks out into shouts of enthusiasm, and the 7633 ts bursting with pride! 


To complete the picture, I took a photo also in the reduced scan mode. The writing speed was not a 
problem even without the FAST, so there is not a big difference (photo 5). 
stopped a 
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The photos have not been retouched, and represent rather 
faithfully the quality you can achieve with the proposed 
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We have been talking about the writing sp 
taking photographs of the CRT. Tektronix cam 
were really splendid, but today they are like bec 
fuel will be no longer available. 


I bought for few euros a C-30A photo camera... without t 
without the film carrier back. What to do with it? I had an 
getting screenshots for this book with the iPhone and then spend time to make 
them exactly rectangular with photo editing and remove reflections. No hope 
to use a webcam for non-repetitive signals (they are too slow), but perhaps I 
could use them for repetitive or CRT-stored images. 


The first attempts were rather frustrating, with a 11€ USB camera, that had a 
too narrow framing angle (50°). Then I found a model small enough to fit in 
the camera, with a 120° angle. In the beginning, that also failed, but eventually 
I found that the problem was not in the camera itself, but in the software that I 
was using (Apple PhotoBoot). Then I found a free app for the Mac, 
named Quick 
Camera, that worked 
perfectly, as you can 
see in these images, 
giving me an 
immense satisfaction, 
Just press Cmd/S 
and take a shot. In 
the next pages you 
can find a complete 


description of the The utility software that you use on Adjust the INTENSITY, READOUT and GRATICULE controls to ob- 
a : the computer must allow to reflect tain the result that you like. You will discover that the camera is FO4 
mo ification. horizontally the image. more sensitive than human eyes. 


What mechanics! 


The C-30 was not one of the best Tektronix cameras, but is very 
well constructed and very professional. It costed 860 USD in 
1975, with the electric shutter like the unit here photographed. 
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With the proposed solution, you have not to set the focus. Mov- 
ing the shutter carriage back and forth changes the magnifica- 
tion factor, without disturbing focus. I tested this solution with 
the 78 and 79 mainframes and with 7623/7633. The CRT 
adapter that I own (016-0248-00) is not very well suited to the 
76038, where the readout strings remain partially cut. Various 
adapters (the front part that matches the CRT) were available 
for the C-30 cameras. 


The modification 


© Webcam: Keenso 0V2643 USB camera module, autofocus, 2 M © Remove the lens included in the red circle. It’s simple, just un- 
screw it rotating in counter clockwise direction. Set it apart, it is 
no longer necessary. 


pixel 120° with 0V264% chip. I bought it on Amazon for 32€. Re- 
move the resistor pointed by the arrow to disable the LED light. 


(4) “hi 


i eeee = = 
© Test the camera connecting the USB cable to a computer. When 
you have found the correct alignment, fix the camera using scotch 
tape and one ore two cable tie. 


© Set the shutter in the T position and press the shutter lever. The 
shutter must remain open or interferes with the camera. Place the 
camera in its place and temporary fix it with scotch tape. 
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C-30A camera conversion 
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Analog plug-ins 


Plug-ins were the winning weapon of the 7000-Series. Herein, some photos and notes about a few 
of them. 
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© 08-245(P)/U, the military version of 7603. 
@ 7603 with blue optical filter. 


© Standard 7603. 


© 7603 option 1 - this is a “negative” option, that means “no readout system”. 


© 7623A, with the CRT storage. 
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Tektronix (and not only) has been producing ¢« M - Miscellaneous In the photo here above: r 


dozen of plug-ins. ¢ S- Sampling unit 
Each “drawer” is identified by an acronym: the * T- Sampling time-base unit 
first letter is always “7”, for the 7000-Series. Then The third number is the model number. 
there is a letter that specify the plug-in function: 
¢ A - Amplifier unit 
¢ B- "Real time" time-base unit 
¢ C- Curve tracer 
¢ D - Digital unit 
¢ L- Spectrum analyzer 


© 7A26, two channels, 200 MHz vertical amplifier 100 MHz dual time base, the most common on 


@ 7A22, single channel, 1 MHz differential vertical amplifier; input LOE eee inteed aged in 1973 and produced until the discontinua- 
sensitivity reaches down to 10 y)V/Div tion of the 7000-Series in 1992. 
According to the information available on the net, 


: © 7A18, two channels, 100 MHz vertical amplifier © 7B70, a 200 MHz time-base with no delay function. For delayed- 
I could count about 65 different models. Some of 


sweep applications, the 7B70 is operated in conjunction with the 


logic state analyzers. shown via a LED panel meter, up to 10,000 divisions. Input imped- tended for the 7704 mainframe. 
ance can be set up to to "approximately infinite". 


Analog plug-ins 


In the next pages, some 
of the most famous 
plug-ins are briefly 
described, those 
introduced together 
with the 7000-Series or 
shortly later. 
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Besides some flip-flop or 
gates, all of them are 
mostly analog. 


Note the 7A13, present 
both in analog and 
digital group, having 
received in 1976 a new 
built-in digital 
voltmeter and the 
related display. 
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In this page the plug-ins are ff” 
placed in chronological order. 
The short descriptions in the 
following pages are generally 
ordered according their name. 
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(A182 vertical 
amplifier 


The Tektronix 7A12 is a 120 MHz dual-trace vertical plug-in for 7000-Series scopes. In my opinion, 
it is a very peculiar device for more reasons. First, because I like very much its unique look, with as 
many as forty typical Tektronix push buttons on the front panel, twenty of which replace the 
traditional rotary knobs for the channel attenuators (10 per channel). 


Another attractiveness for me is the use of relays in the signal path, to set the attenuation level. We 
already talked about the Tektronix relay technology. I started distrusting these components, but 
ended up liking them, perhaps because they are so peculiar and out of fashion. As presented in the 
last part of this book, they can also be often rescued, exercising them in the proper way, when they 
are not definitely broken. 


Moreover, this 7000-Series plug-in allows compensating large dc offset voltages (+500 divisions); 
however the offset voltage is not available on the front panel to be measured externally as with the 
7A11. 
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(Ale circuit 


The 7A12 is composed bye the following main modules: 
¢ the attenuators; 

¢ the input amplifiers; 

¢ the amplifiers; 

¢ the switching logic. 


The main board contains the interfaces to the mainframes and carries the attenuators and the 
amplifiers. 


The attenuator is the part which we will have more probability to work with, so I give here some 
information that I hope useful. The amplifier is designed to have a deflection factor of 1omV/div, so, 
if we want to observe a greater signal, we need to attenuate it properly. The attenuator is composed 
of 4 stages: X100, X10, X5 and X1 (X1 = maximum gain). Each stage is inserted or excluded by a 
relay. Perhaps to make easier the command logic, the first two 7A12 attenuators (X100 and X10) 
have a inverted command, but this don’t modify the general operation (the inversion is performed 
by Q60 and Q70). The table shows how the various attenuators are inserted and which are the 
trimmers to use for the calibration. But how does the 5mV position work? It uses no attenuation 
(direct link), like the 1omV position, but doubles the 


amplifier sensitivity, thanks to a dedicated input on X100 | X10 | X5 X2 | Corner] Top 
the U225 (driven by Q205). BmvV 
The 7A12 amplifier circuit is almost entirely built 10mV 
on a custom IC, U225, the Tektronix M55 (P/N155- | aomvy x | cop | c19a 


0032-00), a variable-gain transconductance 


. ea ee . 5OmV x C16B | C16A 
amplifier, monolithic, integrated circuit in a 16-pin 
DIP; a very modern architecture for those days. O.1V - uae | Ves 
According TekWiki, at a later time the chip pet se a bc 
designers themselves criticized it “...This is an 0.5V us is check) Cheek 
undesirable way of doing variable gain control, but IV | X C10B | C10A 
neither Roy nor I knew that at the time. It is a noisy av x X | Check | Check 
configuration. At the 0% signal gain there is lots of By | x X Check | Check 


noise gain. It has poor thermal balance at anything 
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other than 100% and the not very useful 0% signal gain. In between 0% and 100% gain, the circuit is 
poor in noise and thermal balance...” (this behavior of regretting previous works is absolutely 
standard for us electronic designers ® ...) and subsequently the chip was replaced by an improved 
one (155-00216). But maybe that it was not so bad, considering that it was adopted in many other 
projects, including the super-successful 465/475 oscilloscopes series. 


Both amplifiers are built on their own boards, and the two boards are identical. A touch of genius: 
although this identity, each board carries a part of the very interesting switching logic for the 
vertical DISPLAY MODE and the TRIGGER SOURCE, based on another custom IC, that we will find 
almost identical in many other plug-ins. 


The vertical signal switch stage obeys LEFT, ALT, ADD, CHOP and RIGHT push buttons, 
determining which input (CH1 or CH2) provides the signal to the oscilloscope. It consists of another 
Tek custom IC U300 (155-0022-00) and its external components. This IC selects one, or mixes two, 
analog signals in response to logic inputs at pins 4 and 14. This vertical switch is located on CH 1 
amp board. 


The trigger switch is identical to the now described vertical signal switch, but is located on the CH 
2 Amp board. This stage determines which input signal (CH 1 or CH 2) provides the trigger signal to 
the oscilloscope time base unit, according to the LEFT, VERT MODE or RIGHT push button. In this 
mode, the two amplifier are identical but can perform different functions. 
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7000-Series plug-ins 
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The 7A12 has been already enough described. Note 
in these photos the modular approach and the 
overall good engineering. 
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Note also the attenuator boxes, very well silver 
plated. 


Gold and silver, Tektronix didn’t force to spare 
money... 


@ 7A12 left side view; 
© 7A12 right side view; 
© 7A12 top view 


ee ae 


ogee Ey cs a oi 


284 


(A165 differential 
comparator 


The 7A13 was a first generation plug-in, designed almost together with the former 7000-Series and 
was made until the 7000 series was retired in 1992. 


It is logically similar to the above described 7A22, with some relevant differences: 
¢ bandwidth: 100 MHz instead of 1MHz; 
* sensitivity: the lower scale is 1mV/Div, while the 7A22 offers 10nV/Div; 
¢ the higher CMRR was only 10,000 @1MHz compared to the 7A22 100,000. 


In differential mode, a +10 V common mode signal can be present at the inputs without attenuation. 
Either input can be switched to the comparison voltage, an internal DC source that can be used for 
either channels, settable in 10,000 steps. 


The adjustment of that DC source, was done originally with a 10-step switch and a 10-turn 
potentiometer, with an odometer type counter. In 1976, the counter was replaced by a digital circuit 
with a four digits, 7-segments, small display. A 
sign of the looming digital wave (see below). 


Note that the 1 mV/Div to 50 mV/Div ranges, the 
gate resistors can be disabled by the internal S10 
switch (accessible from the left side of the plug-in, 
see the photo on the right), raising DC input 
impedance to "approximately infinite" (as 
indicated by a front panel lamp). 
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7000-Series plug-ins 
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7000-Series plug-ins 
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This beautiful photo (re- 
touched from TekWiki) shows 
the wonderful gear that tied to- 
gether a 10-step switch, a 10- 
turn potentiometer and an odome- 
ter type counter to allow the set- 
ting of the DC offset to the compara- 
ail tor in 10,000 steps. 


In 196 the old mechanical counter was replaced by a modern 7-segment display. In the older version, the comparison voltage is generated 
from a precision zener supplied from either positive or negative 50 V rail, followed by a 10-step switched divider made of 0.1% resistors 
to select the first digit. For the lower three digits, a ten-turn potentiometer with a mechanical digital readout is used. The V/Div switch 
changes the decimal point on the readout, which is implemented through small light bulbs above the dial, with plastic light guides to make 
the decimal point appear between the digits. In contrast to the back-lit switches, the decimal point lamps are supplied from logic +5 V so 
they work also in mainframes without switch light supplies, e.g. the 76xds. 


In the newer version, the zener-derived reference voltage is always positive. A 10-turn pot for coarse selection combines with a 
single-turn pot for fine control. The resultant voltage is displayed on a 4-digit simplified DVM built around a Fairchild 814 , 
4'/, digit DVM controller. For negative values of VC, an opamp polarity inverter circuit is switched in (from TekWiki). 


The 1976 new electronics of 
the 7A13, that, from S/N 
B200000 up, replaced the 
original board (in the photo 
above). Note the 24-pin 
Fairchild 3814 4’ digit DVM 
controller that drove directly 
the multiplexed display. A 
true novelty at the time. 


In this detail: the 
digital version, just 
two potentiometers 
(coarse and fine) re- 
placed all the gears. 


The logic was simpler: no need 
for absolute linearity, the user could 
comfortably read the effective voltage on 
the 7-segment display. 


TALS circuit 
description 


TI report here the information that I would like I could have found in the 7A13 manual. I believe it 
can be useful if you are going to repair your 7A13. It is an overview of the attenuation system and of 
the many relays, that are likely your problem in most cases. 


There are three main controls of the amplification factor: the input attenuator and two controls on 
the amplifier. 


The input attenuator has three levels of x10 x10 X1 K47 
amplification: X1, X10 and X100 (see table), controlled K6/Ka6 | K7/Ke7 = 
by relays (when I say K6 / K26 I mean K6 for the ca x Xl 
+INPUT and K26 for the -INPUT): amv X Xe 
¢ K6 / K26 allow to pass the signal directly (X1) or 5mV Xx XB 
attenuate the panel connector input signal X10; 10mV Xx Xl 
¢ K7/ K27 allow to pass the signal from the previous 
attenuator directly (X1) or with a X10 reduction. _ ta * Other relays: 
The X1is obtained leaving the relaysanacnue: 50mV x X5 ¢ K10 / K30 only route Vc, i.e. the reference voltage, to the amplifier, when the relative button is 
0.1V x Xl pressed; 
Note that “X10” means 10 times attenuation (and not 0.2V Xx XQ ¢ K60/K61 operates on the output amplifier. Normally, it reduces the amplification X10. When the 
amplification); the maximum amplification is therefore | osy | | x | | xs | “PULL VAR FOR X10 Vc” command is activated, it is switched in X1 position and increase by ten 
X1. Note also that the wiring diagram is misleading the amplification factor; at the same time an extra X10 attenuator is inserted at the input (the 
because it indicates “X100” for the first attenuator. bd a - ce one of the two that would not be used). Since there are only two input attenuators, this system 
Both dividers work X10, when they work together, they ev x x Xe can only be used in the 6 middle positions (.5V to 1omV). All that has the purpose to extend by 10 
obviously make 100. 5V x x X5 times the effect of Vc (and also the input rank of the DC component at the input). 


¢ K480 / K490 are used for bandwidth reduction (BW 5MHz switch on the front panel). 


In the Restoration Section you can find some suggestions about repairing the 7A13 and the relays. 


The 1-2-5 sequence is instead made by K47 and K48, that operates on the input amplifier: 
¢ K47 chooses X1 or X5; 
¢ K48 chooses between X1 or X2, provided that K47 must be in X1. 
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construction 


The Tektronix 7A18 has the typical structure of 
the original 7000-Series plug-ins. To be noted the 
use of a traditional switch, instead of a Tektronix 
cam switch, and the presence of many Tektronix 
relays, today sometimes critic. 

© 7A13 left side view; @ 7A13 right side view, © 7A13 top view 


© 7A13 front view (mechanical counter, pre-1976) 
© 7A13 front view (digital display, 1976) 
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7A18 nice & simple” 


75 MHz dual-trace vertical plug-in 


The Tektronix 7A18 is a general-purpose 75 MHz dual-trace vertical plug-in. It is one of the simplest 
plug-ins of the 7000-Series and was, maybe, one of the most popular vertical amplifier for the 7000- 
Series. It is possible that most wanted to have a 100 MHz scope, like 7603, “for the future”, but that 
75MHz were considered however enough. The price difference with the bigger brother 200MHz, 7A26 
was about twice (615$ vs. 1,150 in 1976, roughly 3,000 vs. 6,000 today, not peanuts indeed and 
furthermore probably duplicated for two vertical plug-ins), and the 7A26 had furthermore a 100MHz 
surplus, not usable with the 76xx-Series. 


Where is the gain control? 

I admit that, at beginning, I didn’t understand a fundamental point: all the 7000 vertical amplifiers 
have not an absolute calibration, and imagined faults not really present. Perhaps it was not easy to 
ensure that all the mainframes had the same amplification factor. So Tektronix provided a way to 
quickly adjust the gain, considering that not a lab alignment but a normal routine operation. Some 
plug-ins have a screw on the front panel to do that. But where are that screws on the 7A18 (and 7A26 
as well)? Again Tek concentrated more and more function in a single knob. If you press the black 
topped knob VARIABLE, the knob gets out and you can adjust the gain according your will. This gain is 
obviously uncalibrated and the operation is very intuitive. But I did not understood that that knob has 
another function: it can adjust the overall gain of the plug-in, by pressing it and turning it with a 
screwdriver (see the drawing). Simple and effective! 


Repairs 
TekWiki says that... 


“The pins of the attenuator modules are connected to conductive traces on the ceramic substrate inside by low- 
temperature soldering, which can go bad. Re-seating the module can temporarily restore the internal contact but will 
usually not fix the problem permanently. Repair is possible by opening the click-locked lid and carefully resoldering”. 


Until now, I have had a lot of problems with “noisy” controls, but all of them flew away just with a 


good cleaning (see the Restoration / techniques Section). Like other plug-ins, also the 7A18 has an high 


risk to see the Tantalum capacitors to burst. Personally I am too lazy (or prudent) and avoid 
unnecessary interventions, but it might be a good idea to replace them with modern ones. 
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You can use the oscilloscope 
internal calibrator 400mV output 
with the 10:1 probe and obtain 
exactly four divisions on the screen 


PUSITION = 
- Eee 


WOLTS BIW 


CH2 POLARITY 


' TRIGGER | 
SOURCE | | 
] 


‘taal A | Press the knob with a screwdriver 
a MOOE and rotate until the trace fit with 
chill j the calibration value (in 1OmV 


VOLT/DIV position) 


POSITION 
Not so easy... in spite of appearances, disassembling 
the 7A18 front panel is definitely not simple. My sug- 
gestion is doing it only when absolutely necessary. 
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Input Paraphase Second 
Source Cascode Cascode Emitter 
Follower Amplifier Amplifier Follower 


The cascode _ «. 
amplifier - = a - 


To 
Trigger 
Channel 
Switch 


The 7A18 circuit is reasonably simple and was for me the opportunity to understand the cascode 


amplifier, which I have never had the opportunity to deal with. The 7A18 circuit 


As you can see from the above block diagram, the 7A18 uses a FET input source follower stage, 


? 
On ere ee aN followed by two differential cascode stages with bipolar transistor and a final emitter follower. The 


My first curiosity was its name, and that is a curiosity that I have been +V1 circuit, here reported from the manual, is very well optimized and at first sight looks simpler than 
carrying for a lifetime. In 1956, my father bought one of the first really it is. 

televisions, brand “Admiral”, and I remember that it had written in the 

front panel “advanced cascode”; its meaning remained a mystery for me. Calibration 


Besides the input attenuators, the calibration is straightforward and requires only few adjustments. 


st hea ee deciuce ' rics pee understand Hite Word My Out For the input attenuators, see the suggestions reported fin the “Restoring Tek scopes” at the end of 
English is not too good, and, initially, I thought it was some slang form of this book 
“cascade”. But, thanks to Wikipedia, I learnt that the name cascode was +V2 
coined in an article written by Frederick Vinton Hunt and Roger Wayne E08: Thanks to our 
: F : . : peer cae friend Christian 
Hickman in 1939, in a discussion on the application of voltage stabilizers. Garvaie for thé dor 
They proposed a cascade of two triodes (the first one with a common rection of this 


schematic, wrong in 


cathode setup, the second one with a common grid) as a replacement for the previous edi 
a pentode, and so the name may be assumed to be an abbreviation of In tion. 


"casc(aded triode amplifier having characteristics similar to, but less 
noisy than, a single pent)ode". 


Vv 


We have so already said what a cascode amplifier is. Here above, you can see its basic circuit. 
Although simple, it offers many advantages, such as high gain, high bandwidth, high slew rate, high 
stability, and high input impedance, with a very low parts count, but requires a relatively high 
supply voltage. 


Cascode, what does it do? 


297 


7TA18 
clovakcingbleinieyal 


7000-Series plug-ins 


The 7A18 structure is apparently very simple but 
not very practical when you need to work on it. It 
seems that every part is in some way blocked by 
something else, that you have to beforehand 
disassemble, and so on in an iterative way. 


ene , | As mentioned, the attenuator is the same used on 
at NN io t | other models, and can be calibrated with a 
‘eas a 7 “, —_ : procedure described talking about the 7A26. 


As usual, the ubiquitous Tantalum capacitors, that 
carry the problems already described, and the 
semiconductor sockets, very useful during fault 
investigation. 


© 7A18 left side view; @ 7A18 right side view; © 7A18 top view 


ALO super fas 


7000-Series plug-ins 


The 7A19 is a one-channel 600 MHz vertical amplifier plug-in introduced along 

with the 7904 mainframe in late 1971/early 1972. Is it obvious that the 7904, 

claimed for 500 MHz, should have a suitable amplifier, capable of exploiting all 

its power. 

The 7A19 front panel is very simple and clean and has no variable gain control. 

An option (#4) was available that added a variable signal delay (+0.5 ns 

implemented using a mechanically variable passive delay line), intended to 

match timing between multiple channels. 

The pre-charge setting on the input coupling switch is intended for situations 

where there might be residual charge on the input coupling capacitor that could overload the 

input. To use it, one sets the switch to PRE-CHG before connecting the input signal, then waits two 

seconds before switching to AC (LF point is 1 kHz). The PRE-CHG setting also serves as a x100 

attenuator having a 5 kQ input impedance in series with 2 uF, extending LF cutoff down to 20 Hz. 

In the AC GND position, the input is disconnected from the ik le and terminated in a 

capacitively coupled 50 Q load. — == 

T received my 7A19, sold as spares only, and was 

resigned enough to keep it as a static model. But it 

was not very difficult to repair it; the problem was 

only dirty switch contacts, as usual. Inside the 

housing there is plenty of room; working on the 

7A19 is a dream, respect to other plug-ins. 

@ Remarkable that after all these years, its performance is still very good: 

on my 7904 the bandwidth is near 600 MHz (+3 dB), as shown here. 
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© The C30-A photo camera, modified with the USB camera, as described in 
other part of this document, used to take photo O. 
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Super fast 


As noted before, the 7A19 is the repairer’s dream: 
every part is easily accessible, and if you put it in 
the left bay, you can work on it without an 
extender, just removing the mainframe’s left 
cover. All the switches are comfortably accessible, 
just removing few screws. Note the spare fuses 
and the delay line, which could be replaced with a 
variable one. U110, that seems to be a transistor, 
is really a uA741 operational amplifier. The two 
big bolts are of the 155.0068.00 amplifier ICs, 
shown here below. 

© 7A19 left side view 


@ 7A19 right side view 
© 7A19 top view 
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(A&e differential 
amplifier 


The Tektronix 7A22 is a very sensitive, single channel, differential vertical amplifier for the 7000- 
Series mainframes produced from about 1969 to 1991, for signals up to 1MHz. A differential 
amplifier is a type of electronic amplifier that amplifies the difference between two input voltages, 
but suppresses any voltage common to the two inputs. Its output is ideally proportional to the 
difference between the two input voltages. 


A differential amplifier is very useful when you need to analyze low amplitude voltages with 
superimposed high levels of noise. An example could be a long RS-485 line in an industrial 
environment. A strong electrical noise is coupled to both wires of the RS-485 line. If you look at each 
of them with a common oscilloscope, you can only see the noise, but the noise is almost the same for 
each conductor. If you connect each conductor to one of the two inputs of the 7A22, you will be able 
to see an incredibly clean trace of the signal. 


But how much noise can the 7A22 cancel? We express this capability with the CMRR, the ability of 
the device to reject common-mode signals, i.e. those that appear simultaneously and in-phase on 
both inputs. An ideal differential amplifier would have infinite CMRR. The 7A22 offers a CMRR of 
100,000:1 (or 100dB). 


As we said, the 7A22's input sensitivity is very high and arrives down to 10 uV/Div. So, the 7A22 is 
ideally suited for applications that include audio, biological signals, sensors etc. 


Bandwidth is 1 MHz, the upper 3 dB limit can be reduced in x3 steps down to 100 Hz (to eliminate 
noise, inter alia), and the lower bandwidth can be raised in x10 steps from 0.1 Hz to 10 kHz. A 
separate control optionally supplies an internal DC voltage to offset the DC signal component. Even 
in the most sensitive ranges (10 npV/Div to 10 MV/Div), common-mode voltage can be +10 V. Input 
resistance is 1 MQ, but for high source resistance DC coupled measurements, one can disconnect the 
internal gate return resistors of the input FETs, at the disadvantage of disabling the 20 mV/div and 
higher ranges. 
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Note: this drawing has only)t 
purpose of explaining the base con- 
cepts and could no really work as 
expected. 
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The construction is typical of the earlier 7000- : 
Series devices. Note the four Tektronix cam 
switches, easy to be accessed for maintenance and 
cleaning. 


-1ns 


- 

a 
o 
tu J 
i al 
7) 


© 7A22 left side view; @ 7A82 right side view; © 7A22 top view; @ 
7A22 front view. 


7000-Series plug 


FUSES: the inputs are 
diode-clamped to fixed 
voltages of approxi- 
mately + 16.5 volts 
and/or -16.5 volts. If 
the maximum input 
voltage rating in the 
10 pV to 10 mV range 
of the VOLTS/DIV 
switch is exceeded, 
damage to the signal 
source is possible. If 
the signal source can 
supply more than 1/16 
A of current, the input 
protective fuse(s) 
shown here in the 
photo ® will open, as I 
; ‘ 7" DIRECTLY experi- 
SPSSSem Peer ere é ra : al. 4 ‘a —y : enced. An open input 

| 1 fuse is indicated by the 
lighting of the INPUT 
OVERDRIVE indicator 
with with the input 
coupling switches set 
to GND. Two fuses are 
supplied as spare. 


A possible fuse is 
Mouser P/N 576- 
0312.062MXP. 
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The 7A22 had to deal with very low amplitude signals, so the effect of the side covers was definitely 
not negligible. They had to be kept in place during calibration, and thus tho holes for each trimmer. 
On the right, the nice connection system used for the wires, avoiding soldering. 
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TARO, the Golden boy 


200 MHz dual-trace vertical plug-in 


The 7A26 was the most successful 7000-Series plug-ins, with over 120,000 units produced. It was 
designed by Tom Rousseau, who was the designer also of the 7A15A, 7A16A, 7A18, 7A24, 7A26, 7854 
and other important Tektronix products. On the occasion of the production of the 7A26 S/N 
B100100 (the 100,000th), a special 7A26 with Gold-plated panel was presented to him by Tektronix, 
as reported by vintagetek.org, where I took the photo on the right.. 


The 7A26 is apparently very similar to the 7A18, from which it can be recognized by the presence of 
the BW switch. Also the construction is similar, but the circuit is much more complex, although the 
extensive use of the Tek-made differential amplifier ICs 155-0078-xx. To be noted, that the 7A26 
does not use the +50V supplies provided by the mainframe. 


Calibrating 7A26 is much more difficult that 7A18, for the large number of trimmers to be tuned. But 
the attenuator calibration is similar for many of the 7000-Series vertical amplifiers. You can find 


suggestions to perform it in the Restoration Section at the end of this book. 
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Gold also in 
production units 


Look at the picture on the right: there is Gold everywhere! Today, if an engineer proposed 
something like that to me, I could ask “did you become mad? Who is going to pay for all that Gold?”. 
But at that time things were probably different... 


The quality of Tektronix products was incredible indeed (and surely is still today); that is one of the 
reasons that allowed the 7000-Series to to cross the barriers of time. 


see a picture like this at lns/div 
was not easy with the oscilloscopes 
that most of us could afford of the 


A photo taken with my 7904, using 
a 7A26 and the 7B85 time base. To 
time. 
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The Tektronix 7A26 construction is very similar 
to 7A18. 


© 7A26 left side view; @ 7A26 right side view; © 7A26 top view; 
© 7A26 front view 
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(TA24, fastest dual 


400 MHz dual-trace vertical plug-in 


The Tektronix 7A24 is a 400 MHz dual-channel vertical plug-in for 7000-Series scopes. I received 
two of them together with the 7854, confirming what TekWiki reports, that the 7A24 would typically 
have been used in 7834, 7844 or 7854 mainframes. 


TekWiki reports that a single-channel version was planned as the 7A25, but it didn’t reach the 
production stage. 


The 7A24 was the fastest multi-channel plug-in of the 7000-Series, but the 400 MHz could be 
reached only with the subsequent 7104. The bandwidth limit was 350 MHz with 79xx, and 300 MHz 
with the 78xxs. 


The 7A24 channel inputs present a 50 Q impedance, with 5 Vrms maximum (0.5 W); however it was 
not damaged below 10 V (2 W). A fuse in the input of each channel protects the 7A24 from damage 
due to excessive signal voltages. The condition of blown fuse can be detected by when no waveform 
can be displayed, but the POSITION control will move the trace on the CRT. The fuse replacement 
was considered an operation to be performed by qualified service. 


The recommended probes were the P6056 and P6057. I discovered with surprise that, unlike most 
other plug-ins, the 7A24 does not offer AC input coupling. 
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400 MHz dual-trace vertical plug-in 


The 7A24's input attenuators are similar to Meee 
that in the 7A19, using replaceable ceramic 
attenuator modules held to the switching PCB 


using steel springs. 


The amplifier is built using the Tek-made 
differential amplifier 155-0078-xx (four units 
per channel in early, five in late versions; 
various grades). In the 5 mV/Div range only, 
the amplifier gain is doubled electronically. 
The signal trace layout on the PCB is designed 
to provide T-coil peaking. 


ie 


Rican eS : i WERTICAL MMO GE LJ)" Mcaa ean i eerie 
In this picture, you can see : nt - — = ‘ 
the 7854 mainframe with two — ' : MH 
7A24, easily recognizable for 
the input switch without the 


: : : : : : : : : : AC position. 
A T-coil (see drawing) is a special form of an inductive peaking circuit that will extend an : 
amplifier’s bandwidth and speed up the output signal rise-time. The circuit uses a coupled inductor arnived home net working. The 
and a small bridging capacitor. A T-coil can double the bandwidth of an amplifier. You can think of symptoms where those of the ; 
é . é é oy ‘ urn input ruse: the track co 
the inductor as steering input current into the capacitive part of the load, so it charges up more be moved with the POSITION 
rapidly. The small bridging capacitor ensures that the input impedance of the T-coil is constant and shown, Rea, iad onl city ge vn pr nae 
rot] , , attenuator Contacts, aS MOSst 0: . : 
resistive (from Electronic Design, where you can read the whole story). fhe pldgine that have baen re | | it = & 
; ; ; mained sleepy for years. ete F = maa | 4a 
The 7A24 does not use the +50 V supplies provided by the mainframe. th eee! | a 


Its performances are still very 
good: 310 MHz on the 78xx (- 
5dB). In the picture here, the in- 
put signal is at 550 MHz. The 
amplitude is reduced to about 
50%, but the display is still well 
triggered, stable and bright 
(note the 1nS/div, due to the 
horizontal x10 expander). 
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© 7A24 left side view. The construction resembles other 7000 

plug-ins, like 7A18 and 7A&6. Very different the attenuator. Note 
the connector on both sides of it, very practical when you need 

to disassemble the unit to clean the contacts. @ 7A24 right side 
view; © 7A24 top view; @ 7A24 detail; note the 155-0078-01, a 
Tektronix custom IC very used, not only in the 7000-Series. This 
version, relatively recent, uses five of them. 
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After having reviewed some vertical amplifier, let’s now examine some of the horizontal plug-ins, 
used to produce the trace horizontal scan on the CRT. 


According to TekWiki, these were the most common timebases: 
¢ 7B50/7B51 (1969): triggering up to 100MHz (down to 5ns/div); 
¢ 7B70/7B71 (1969): triggering up to 200MHz (down to 2ns/div); 
¢ 7B53A (1973): triggering up to 100MHz (down to 5ns/div); 
¢ 7B80/7B85 (1976): triggering up to 400MHz (down to 1ns/div); 
¢ 7B92 (1971): triggering up to 500MHz (down to 0,5ns/div); 
¢ 7B10/7B15 (1978): triggering up to 1GHz (down to 0,2ns/div). 


I think that the first 7000-Series oscilloscopes were mainly of the 4-bays type. The dual timebase 
7B53A had still to arrive, so most of the configurations possibly included two separate plug-ins for 
the main and the delaying timebases. 


The successful 7B53A was however limited to trigger up to 100MHz and down to 50ns/div (5 with 
the x10 expander). Who bought a 7704 or, later, a 7904 had the right to ask for something better. 
So, the dual plug-in solution (main + delaying) for the timebase remained a valid solution for high 
performances oscilloscopes, even if the 7B92 500MHz dual time base had become available. 


In the following pages, we are going to shortly review some of the above listed timebases. 


7000-Series plug-ins 


ORO 


time base 


Let’s start our review with the relatively short- 
lived 7B70, a 200 MHz time-base plug-in for 
7000-Series scopes. It has no delay function. For 
delayed-sweep applications, the 7B70 was 
operated in conjunction with the model 7B71 
delaying timebase. The couple was primarily 
intended for the 7704 mainframe and was 
superseded by the 7B85/7B80 pair (400 MHz) in 
1976, that we will describe more deeply. The 7B70 
was entirely based on discrete components, 
without any custom IC, and used four relays. 
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© 7B70 left side view 
© 7B70 right side view 
© 7B70 top view 

© 7B70 front view. 
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7B545A 100 MHz 


dual time base 


The 7B53A is a 100 MHz dual time base introduced in 1973 and is one of the best guessed components of the 
7000-Series. Discontinued in 1992 together with all the 7000-Series, it remained in production with no major 
modifications for almost twenty years. I can only suppose that the 7B53 had been conceived together with the 
7603 oscilloscope. The original 7704, base of the 7000-Series, had four slots and two time bases, normal and 
delayed. As the idea of a smaller 7000 scope arose, the problem was “how to renounce to a plug-in slot?”. 
From that the 7B53, whose one of the most peculiar features was the sweep mode selection integrated into the 
Time/Div switch, that gave someway a touch of magic to the waveforms investigation. 


The dual time base concept was however not new and was present also in the previous generation tube 
oscilloscopes, like the 545 that I owned in a previous life. In simple analog scopes, the event you are 
investigating must begin and end within the desired time/div setting (e.g., 1s/div) times the grid size, 
typically 10; something like a window that starts at the trigger event, ten division long. 


The dual time base allows us to move that window forward in the time, as shown in the drawing nearby. For 
example, to investigate with 1us/div resolution a waveform after one second from the trigger event, you can 
use the main time base as a timer, together with the DELAY TIME MULT knob, to continuously set the delay 
time from the value set on the TIME DIV or DELAY TIME knob (I call it TDoDT), to ten time its value. If the 
TDoDT knob is set to 1s/div, you can adjust the delay with the DELAY TIME MULT knob from o to 10us. 
The delayed sweep can start immediately at the end of this delay or can require a further trigger event 
(DLY’D TRIG knob). 


The magic of the 7B53A integrated command is that with a single knob you can set the delay with the TDoDT 
knob and the scan speed, pulling and rotating again the same knob. The process is simple: set the time base 
to see all the period of time you want to explore, pull the knob, a part of the trace will be highlighted. Now 
adjust the knob (and the DELAY TIME MULT) to highlight the part you want to examine, press it again and 
then and pull the little CAL red knob. The enhanced part will be expanded and can be moved forth and back 
with the DELAY TIME MULT (see also the picture). A real zoom on the details...today we can do a lot better, 
but at that time it was simply wonderful. And that saving a plug-in slot... 


The type N (7B53AN), is, as usual, the version with no readout system. 
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| This delay is equal to: 


« (DELAY TIME MOLT) 


Note that the label on this button has been 
recreated as explained in this book. For op- 
timum results, all the buttons should be re- 
stored otherwise the new color is too clear 
compared to the yellowed ones. 


Delayed sweep starts after the 
delay time if set to detent position 
(RUNS AFTER DLY TIME) 
or set delayed trigger LEVEL 


Moves continuously this line forth 
and back from DLY TIME to DLY 
TIME x 10 


The TIME DELAY MULT knob allows to 
read near two decimals of multiply fac- 
tor to be applied to DLY TIME. In this 
case, the reading is 5.10 times. 
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The circuit. The 7B53A circuit is complex indeed, but with the help of the manual can be in some way decoded 
and followed. The plug-in is roughly composed by 750 electronic components (plus about 250 mechanical parts), 
perhaps much more than an entire modern oscilloscope. As many as 11 integrated circuits managed the most 
important functions. Besides some logic ECL ICs and transistor arrays, its worth to mention: 


* 155-0049-00 (U520) with the sweep control logic: bright baseline auto circuit, single sweep circuit and hold- 
off circuit with terminals for the single sweep reset ready light, triggered light, auto timing, hold off timing, 
and two pins for new general logic (i.e., lockout and mainframe delay mode control); 


* 155-0042-03 (U580, U650), a gated Miller Integrator with a delay pick-off comparator. It is the main motor 


for the sawtooth sweep voltage and also also the heart of the linear-precise TIME DELAY MULT control knob. 


Note that the 7B53A has been built with two different trigger control board: until S/N B209999 there were 6 ECL 
ICs, that were substituted from S/N B210000 up, with two Tektronix 155-0109-001 ICs. 


Repairs. These days is precisely the above praised knob that give most of the problems to the Tektronix restorer, 
but in most cases it is not too difficult to bring it back to the original operation. Besides the cam switches cleaning 
(see the dedicated pages in this book), there are two attention points: 
¢ the the main and the delayed sweep switches must be synchronized, i.e., they must “click” exactly together. 
Rotating the two knobs together, the “click” must be sharp and clear; 
¢ adjust properly the microswitch marked as 83 in FIG.1 EXPLODED mechanical assembly drawing in the 
manual 070-1342-00 (no. 92 in manual 070-1342-01). 
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More detailed instructions. The manual 070-1342-00 can help 
in that but the instructions related to the TDoDT switch adjustment 
are well hidden. They are at page 3.6, point 13 of the list (“Observe 
the following precautions...”) (pg. 5.7in manual 070-1342-01). 


Capacitors A typical 7B53A (and 7000-Series in general) problem 
are also the Tantalum capacitors. Same of them are easy to 
diagnose, because they simply explode or short. Others, like C589 or 
C679, have a resistor in series and even shorted don’t explode. They 
simply prevent the main sweep (C589) or the delayed sweep (C679) 
to operate. 


© On some 7B53A the sockets for the round ICs are not of the plastic type but are 
just pins sockets directly soldered on the PCB (like the transistors). The spare ICs 
that I could find, have however short pins and cannot been bent to match the PCB 
pinout. In this case, it’s necessary to patiently resolder each pin adding a resistor 
rheophore to regain the missing length. 


© The switch no. 83 described in the text senses when the two knobs are paired 
and must be properly adjusted. It is no. 92 in manual 070-1342-01). 


© The DELAY TIME MULT knob is a precision gear and is indeed very robust and 
reliable. When it seems “loose” or imprecise, maybe that you need only to tighten 
the ring nut that stays behind the knob itself (shown dotted in the photo on the 
right). Remember first to set the position mark (in the red circle in the photo) ex- 
actly vertical. When you reassembly the knob, check the proper alignment with the 
numbering and with the potentiometer. 


The delay line 


When you are studying a circuit behavior, you would often know what hap- 
pened not only “after” the trigger event (delayed sweep) but what led to the 
trigger event, and thus “before” it. With modern Digital Storage Oscilloscopes, 
that is easy: they accumulate samples of the signal in a circular buffer and, 
when the trigger occurs, it’s sufficient to read the stored samples from that 
buffer (the 7DO1 logic analyzer plug-in gave some possibilities like that). 


In an analog scope, you simply cannot start the sweep before the trigger event, 
but in the 7000-Series we have available a palliative solution: the delay line, 
that allows to observe what happened few ns before trigger event. In the verti- 
cal signal path, before the delay line, there is a trigger pick-off which supplies 
an undelayed copy of the vertical signal to the trigger and sweep circuitry. 
Trigger and sweep circuitry need about 60 ns to react when presented with the 
trigger event. Without a delay line, the trigger event would already have come 
and gone before the scope can trigger and sweep. By sending the input signal 
through a delay line, the scope will have triggered and begun sweeping by the 
time the trigger event emerges from the delay line. Thus, the trigger event is 
drawn on the screen where the operator can see it, photograph it, or record it 
by other means. 


In the photo: in the 7000-Series, a long, special twin-lead delay cable coil is used 
as a delay line (in this picture the 120ns delay line of 7904). 
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DELAY TIME MULT 
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(B55A 
construction 


The structure of 7B53 is, a 
most 7000-Series plug-in 
a little masterpiece. No 
room is wasted and also 
the disassembly is not too 
difficult. 


Note, as for the 
mainframes, that every 
semiconductor device is 
mounted on socket, making 
easier the repairs. 


Note also (in @) the 

—_ — — : ubiquitous Tektronix test 

= Pont: ee pe = a 2 -walin : + ha \ = ip . : signed label. Too bad that 

3 ae c-8e eno (fms aan | (J) 8 there is not a date, which 
oo Sn @b—s [22s a. fel) - | could help determining the 

~~ | Lie oae of _ construction year, that can 

be only indicatively 

guessed by the year printed 

on the ICs (in the photo ®, 


1976). 


@ TESSA left side view 
® TESS right aide view 
: =F © 7BSSA top view 
‘= openness tt BE y @ The TESS depicted in photo @ is of 
| ; \f ——s | the new type, with two Tektronix 155- 
O108-001 [0s, that aubetltuted the for- 
mar & ECL [0s (in the otrela}. 


BEB BE BSE 


One of the things that I like so much in old instru- 

ments is the number of fascinating real knobs and = ; 0 
buttons, that today are simply demanded to touch VARIA -! E— PULL FOR MIXED | 
screens. The 7B53A has a lot of them but clearly 7 i : ] 

..not enough. So there was the possibility to change qT ‘ M E/ D ! V OR c LY T I 
the behavior of the VARIABLE KNOB (the red one), 

which could operate on the main or delayed sweep 

frequency, or on the holdoff time, moving in a 

different position the P140 connector, as shown in 

this photo. As we will see, it is very useful to set it 

in DLY’D SWEEP position, using some digital plug- 

ins for precise measures. 


Another option (P6138, photo below on the right) al- 
lows the DLY’D GATE output signal to be connected 
to the DLY’D TRIG IN connector (set it as shown in 
the photo, the picture on the manual is misleading). 
You need also to press in the SOURCE INT/EXT but- 
ton CINT position). 


ug-ins 
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A particular that shows the extreme attention also to details: a “pylon” One of the beautiful capacitive trimmers, silver plated with ...true silver! 
to support and drive the passage of a shielded cable. Normally they become black, I polished this one for the photo. 


i ¥ , a 


This is the only way to get to the DLY’D GATE out- 
put. The back connector on 76xx mainframes 
DLY’D GATE is really not connected (even if you 
set the switch on the back of the scope). 


The terrible Tantalum capacitors (the green little “drops”), one of the 
most frequent causes of failure in old Tektronix scopes. tronix itself. They can also be the origin of troubles, but, in most cases, a 
simple cleaning with a specialized product can solve. 
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7B80 & 7B85 
near digital 


In 1976, the 200MHz 7B70/7B71 couple was not any longer sufficient to cover the requirements 
created by the introduction of the 7904 mainframe, so they were replaced by the 4o0MHz 
7B80/7B85. 


They received a completely new design, based on Tektronix custom ICs. 


The 7B80 is a 400 MHz single time base plug-in without delay function for 7000-Series scopes, 
typically the 1971 7904 or the 7800-Series, e.g. 1974 7844. 


The 7B85 is a 400 MHz delaying timebase with digital readout capability for delay and delta time. 
The delay function differentiates the 7B85 from the otherwise similar 7B8o. 


The new plug-in pair offered many possibility to be used in a four-bay mainframe, as we will try to 
describe with more details on the next pages. The more appealing feature of the 7B85 is the digital 
display of the delay time, a nice novelty at the time. 
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In this picture, we see the 7B85 in A 
bay, operating in the classic 
delaying timebase role, triggering 
the delayed 7B8o timebase, that 
produces the zoomed B trace. 


But the absolute novelty was the 
exact delay time, showed in the 
readout system. Today is nothing, 
but then it was a real innovation, 
that avoided the operator the 
possibility to do mistakes. It is not a 
real digital delay, but just the 
voltage measurement of a ramp 
signal; however the effect definitely 
digital! 


Here we go even further, 
anticipating the theme of the 
cursors, that we will afford talking 
about the 7D15 timer/counter and 
7D12 sample and hold. With the 
7B85, you can add a second 
enhanced zone on the trace, long as 


the first, but movable back and forth 


as you like. This area can be 


displayed separately in a third trace 


on the CRT. The time difference 
between the start of the first area 
and the second is automatically 


displayed with a “A” sign in front. 


The 7904, with two 
independent 
horizontal bays, 
offers multiple 
capabilities to 
display your 
signals, not last to 
display two 
independent traces 
at the same time, 
each with a 
different timing. 
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time base 


The 7B80 uses the 155-0126-00 trigger amplifier 
followed by the 155-0109-01 trigger detector. 
Differently from 7B70/71, does not uses relays 
anymore. 
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Option 2 adds support for X-Y mode via an added 
"Display mode" switch. When X-Y mode is 
selected, the X-axis signal is taken from the 
internal trigger path. 


The 7B80 uses the +50 V supplies from the 
mainframe. 


Other specifications: 

¢ Sweep: 10 ns/div to 5 s/div (1-2-5), x10 
magnifier (down to 1 ns/div), variable sweep 
(up to x2.5) and holdoff (up to x2 sweep 
lengths at 20 ms/div and faster) 

¢ Excluded sweep: first 10 ns in 78xx, 79xx; first 
20 ns in 77xx; first 50 ns in other mainframes 

¢ Sweep/trigger modes: peak-peak auto, auto, 
norm, single sweep 


© 7B80 left side view 
© 7B80 right side view 
© 7B80 top view 
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7B85 
delaying 
time base 


The 7B85 uses a 155-0185-00 digital voltmeter IC 
(U686). A ramp generator is started when the 
trigger signal arrives. The delayed sweep is 
started when a comparator detects that the ramp 
has reached a control voltage, set by the front 
panel knobs on the 7B85. The control voltage is 
proportional to the amount of delay. 


The digital voltmeter in the 7B85 digitizes the 
control voltage and displays it on the oscilloscope 
readout, thereby providing the operator with a 
precise readout of the delay. 


For the remaining, 7B85 is very similar to 7B8o. 


© 7B80 left side view 
© 7B80 right side view 
© 7B80 top view 
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TBOBA, a Super 
7BBSA. 


The 7Bg92A is a little racing car. With its 0.5ns/div (500ps) is one of the faster time bases available 
for the 7000-Series. It seems to have only one knob stop more respect to 7B80/7B85, but if you 
reflect, you pass from 1 ns/div (10 ns + x10 expander) to 500 ps. Double speed: like a car that passes 
from 150 km/h to 300! The 7B92 was introduced along with the 7904 mainframe in 1972, and, in 
1976, it was updated, becoming the 7B92A; it will be surpassed only in 1978 by the 7B10/7B15 pair, 
born for the 1GHz 7104, capable to go down to 200 ps/div. 


A novelty introduced with 7B92 is represented by the "HF Sync" triggering mode, in which the 
trigger level control varies the frequency of a built-in oscillator to lock, above 100 MHz, on to the 
input signal, providing higher sensitivity than the direct trigger (which is specified up to 500 MHz 
as well). Stable display can be obtained when the LEVEL control adjusts the frequency of the trigger 
generator to the frequency (or sub-harmonic) of the trigger signal. When the LEVEL control is 
adjusted to frequencies between sub-harmonics, the sweep ae In git Ser 0E below (taken 
with the modified C-30A, as explained in 
other part of this document), you can see 
the HF Sync performances: a 900 MHz 
signal is still perfectly synchronized. 


Internal jumpers are provided to configure 
the 7B92 for operation in 7800/7900 or in 
slower mainframes, and to select whether 
the variable control affects the delaying or 
the delayed time base. 


Suebanaude 
CAmEr aan?" 


Having the time/div dial that reaches 500 
ps, the 7B92 has no magnifier function, 
neither a provision for X-Y operation. 


@ The 900 MHz signal is reduced to one third, as expected, but is still perfectly 
synchronized, thanks to HF Sync triggering mode, described in the text. 
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(B9BA VS. TBS5A 


The 7B92A seems very similar to the more popular 7B53A, but has some interesting differences. 
Besides the already discussed HF Sync, its panel includes some new useful commands: 
¢ TRACE SEP: the 7B53A allows the mixed sweep mode, i.e. the first part of the trace scanned at 

the delaying base speed and the second part scanned at the delayed base speed (photo @). The 
7BQ92A offers a different mode, more similar to that with two time bases (e.g., 7B80/7B85), with 
two full traces, one scanned at the delaying base speed, and the other at the delaying base speed 
(photo @). The two traces are scanned alternatively, and their relative position can be modified 
using this (TRACE SEP) knob. My unit is relatively recent, and the TRACE SEP knob has a ALT 


OFF position that allows to stop the alternation between the traces. This function was not present 


in the units with S/N below Bo60000; 

¢ INTENSITY: most of the 7000-Series time bases have not a separate intensity control for the 
highlighted portion of the trace, that can be adjusted only setting a trimmer on the Logic board. 
That can create problems taking photos of the screen, as you can see in photo ®, to get which I 
had to use the 7633 CRT storage, or the 
intensified part had “blinded” the camera with 
a big lightened area. This INTENSITY control 
operates only on the trace with the 
highlighting, 

¢ CONTRAST: this command completes the 
previous INTENSITY and allows to set the 
intensity difference between the normal and 
the highlighted portion of the trace. 


There is another interesting feature in 7B92A, that 
in the beginning I thought was a fault. The 
readout TIME/DIV labels “move” up and down to 
remain near to the trace to whom they relate, as 
explained in the front page. 


Also the labels on the big grey knob differ in 
7B53A (PULL FOR INTENS - PUSH FOR DLY’D). 
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© 7B92A: the calibrator signal on 
the main (delaying) time base. 
Note the readout label in the 
lower part of the screen. 


© The knob has been pulled and 
moved to 200 us/div. The delay- 
ing trace has been moved up, and 
with it the “lmS” label. Down the 
200 15 label, related to the de- 
layed time base. 


© The knob has been pushed and 
only the delayed trace remain on 
the screen. 
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© 7B53A: same as photo @. The 
readout label in now in this case 
in the upper area. 


© The knob has been pulled and 
moved to 200 us/div. 


© The knob has been pushed back 
but the red CAL knob has been 
pulled to enter the mixed sweep 
mode. Leaving it pushed, you get 
the same picture as ©. 
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The 7B92A has a more modern construction, 
respect the 7B53A, and the sockets have been 
removed from the production (worse for us, the 
sockets help very much when repairing). 


A very nice addition: finally we have the 
intensified level control, something that I wished 
to have everywhere (see prev pages). 


Note also the button to select 1 MOhm / 50 Ohm 
on the main trigger input. 
@ THOLA laft aida view “A” type 


@ THIZA right side view 
© TRO2A top view 
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Digital plug-in open a whole new world of application for the 7000-Series mainframes 
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Note: the 7A13 is not a digital 
plug-in but an amplifier. I in- 
cluded here the 1976 model for 
its built-in digital voltmeter. 
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Digital plug-ins ~ 


Differently from others, the 7000-Series, thanks 
to its long-sighted architecture, was capable to 
adapt to the changing world, and so survive for 
an incredible long time. 


Very soon Tektronix understood the potential of 
the digital technology, and already in 1972, the 
7D15 and other digital plug-ins were introduced, 
adding to the 7000-scopes the capability of 
precise frequency and time measurement. 
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But the real turning point came in 1976, when the 
wonderful 7Do1 was introduced, opening a full 
new world of applications, and, at the same time, 
enabling the previous users to upgrade their 
existing equipment. 

Still a long way from the 7854 and modern 
Digital Storage Oscilloscopes, but the process has 
been started. 
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7(D15 225 MHz timer 
counter 


An announced success 


7000-Series plug-ins 


According the Tektronix “Marketing Sales Release”, August 11, 1972, the customer requests 
for a product like 7D15 outweighed the sum of all the others by a factor of three. With 
an unusual degree of confidence, Tektronix forecasted that the 7D15 Universal 
Counter/Timer would substantially outsell both of the existing digital plug-ins 
7D14 and 7D11. 
The features and benefits described below are very real ones. The 7D15's 
performance as a universal counter is among the best existing. In several 


respects it is best. The addition of our "see what you're counting" 
capability is even more valuable here than in the 7D14. 


Basic functions 


I admit that understanding the 7D15 was not easy for me. The 
documentation is rather detailed, but, in my opinion, lacks a good 
general overview, that we will try to supply here, at least in part. 
Basically, the 7D15 is a general purpose counter/timer, and allows the / 
following most important functions: — Age —_ i om i,t! 
¢ frequency measurement; 
¢ period measurement; 


¢ event counting. 
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Really not cheap 


The 7D15 was initially priced 
at 1,475$, near three times a 


7A18 vertical amplifier (535$ 
each) and almost as much a 
7603 oscilloscope 


(1,600$). 


measurements 
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The 7D15 is, however, a complex equipment and allows many kind of measurements. The Wem od” all OFhese an revussis you haw 
triumphalist sales release document stated that it provided all the measurement capabilities that t Giese char FT aj nr atid eae pe 
users could require: fal plog—tras, \ #ubstante tally ouen, 
¢ Oscilloscope-controlled time and frequency measurements: this feature allows the user to make WiLfs degcrthad Peake 
selective measurements on complex waveforms; ore tg trea! comer yo 0 8tY Feel ones 
10 ns "single-shot" time interval measurement resolution: This feature was not found in similarly priced 9 ase 2 shh The addition oe fhe bese eax; 
competitive models such as the H-P model #5326A and H-P model #5327A which have 100 ns; © “Sdeable here char, 7 "2 What yy 
Time interval averaging: this feature is not normally found in similarly priced competitive models; Pima ee a the 7p14. 
Waveform display of counting interval and Schmitt trigger signal: some competitive counters i — for Salas fea... —— 
have an output for displaying trigger levels on an oscilloscope. The 7D15, however, {82 meager: —— —— se nd Be “ne Fipo 
simultaneously displays the counting interval as well as the actual signal being measured -- sae 0 OPEL TT ete — cae 
thereby providing a more meaningful measurement; ee Ad Fen oa “SE Made tog. r. 
10 picosecond period averaging resolution: this feature is made possible with a 10 ns OS a Aes Se J, ane * ts * Weasurs a — 
clock -- this tops most competitive models by a factor of 10; — ———esuremanp-. tia 
Signal conditioning via mainframe trigger source: exclusive with 7000-Series, aire Sanne eer ae OTT 2 36 
the different type of vertical plug-in units can provide signal conditioning. Plug-in is $2 a ; . Meas rar ene p = 
routed to the horizontal compartment, the vertical plug-in can be used for signal ‘ d Pilced oa, matinee esa] “EF oy = oe 
conditioning such as with a differential amplifier, a high gain amplifier, a ~ te! gs I? 74 7 : fliive MIF a “aia 
current probe amplifier, etc. WAL & f; faves Py Soucy 
Frequency measurements directly to 225 MHz: this is a much higher '@ 28 noe , “_ “a ae. 
frequency than competitive models such as H-P model #$326A and aie 2, 
H-P model #S327A (which count directly to 50 MHz) and Systron “4nd tn 
Donner model #6150 series (which counts directly to 200 MHz); - 
Accurate "time mark" outputs: useful for calibrating = . !{Tiges 


oscilloscopes, etc. (10 ns, 100 ns, 1 us, 10 us, and 1 


5504 = = 
A gate as a hearth : 
The heart of 7D15 is a gate, that, when open, allows pulses ee 
to reach a counter. When the gate closes, the value of the 

counter is transferred to the CRT display, using the 


readout system of the 7000-series. Then the counter is reset 
and a new cycle begins. Puls 6S to be 
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For the frequency measurement, the gate is kept open 
for a precise time and the pulses from the unknown signal 
are counted. For the period measurement, the gate is 
open and closed by the unknown signal and the pulses from 
a precise clock are send to the counter. 


What does it mean “gate”? 


Before affording this point, we need a clarification: the term 
“gate” is misleading, because Tektronix uses it with at least 
three different meanings: 


¢ when you have a trace on the screen, a corresponding 
signal GATE OUT is produced, that stays high for the 
time of the whole trace (main sweep); it can be accessed 
by the BNC connector on the back of the scope; 


when you have a trace portion highlighted, a 
corresponding signal DLY’D GATE OUT is produced 
(not from the back BNC connector, you need to get it out 
the 7B53, see below), that stays high for the time of the 
highlighted segment of the trace on the screen, while the 
+GATE OUT stays high for the delay time (main sweep); 


¢ the third meaning is the 7D15 gate, as above described. 
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7TD15 
construction 


Looking at these beautiful TekWiki photos, I 
thought that, in 7D15, Tektronix had renounced 
to IC sockets. When I received my 7D15, I dis- 
covered that it is not so: even invisible, all the ICs 
have their own socket. That makes much easier 
today restoration. 
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To be noted also the cam and button switches, as 
most Tek plug-ins, and the big 5MHz integrated os- 
cillator. 


Note also the internal/external clock slide switch: 
again, Tektronix could not fit all the required con- 
trols on the front panel and something ended up 
staying out. This is a sign of the willing to offer al- 
ways the maximum of flexibility to the users. 


The 7D15 was an important products. Tektronix 
said that “...the performance of the 7D15 could 
never have been achieved in such a compact pack- 
age without the use of five Tektronix-manufactured 
integrated circuits. At least 100 people played some 
role in bringing the 7D15 into production. 

© 7D15 right left view; @ 7D15 right side view; © 7D15 top view 
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ECL logic 


In the past, I used to work on circuits that used TTL levels almost everywhere. The 7D15 uses 
instead a mix of TTL ICs, discrete components and ECL ICs, and this was for me the first 
opportunity to get acquainted with the ECL family. 


Mec, OV 


ECL (emitter-coupled logic) is a high-speed logic family, built with integrated bipolar transistor. 


Differently from TTL, in ECL, the transistors are never in saturation and the signals have a small 
voltage swing (0.8 V), with high input and low output impedance. The transistors change states 
quickly, gate delays are low, and the fanout capability is high. 


This is obtained using a differential amplifier. One of the inputs is connected to a fixed voltage ie ea: =] | rt/ P vl 
reference, the other one is the gate input. The input can be above or below the reference voltage, in AE jae/8 pb aa 
avoiding the saturated (fully on) region of operation and its slow turn-off behavior. So the current a wu 


is almost constant: the amplifier simply “steers” the current between the two legs of an emitter- 
coupled pair. 


This almost constant (high) current draw minimizes delays and glitches due to supply-line 
inductance and capacitance, and the complementary outputs decrease the propagation time of the 
whole circuit by reducing inverter count. 


Today is different (PECL), but, at that time, ECL logic required -5V power supply. The 7000-Series 
mainframes had not a -5V voltage, so 7D15 has a dedicated switching power supply, fed by -15V. 


ry Le if | P 
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© Areal ECL gate schematic diagram; @ ECL logic is similar to a railway traffic light, where, instead of green and red light, you have a light mes f - or Tr ry) See EEE 
orange and a dark orange light. A differential amplifier resolves this small difference; © on the 7D15 board you can find TTL gates, ECL gates ~ hall == s- TTT] ea 


and discrete transistors; ®@ most often the discrete transistors are used as level translator (but not only). 
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My beloved 7D15 


I could find my 7D15 by Radiosurplus Elettronica, one of the best Italian company specialized in 
surplus and measurement equipment. I found it on their web site, where it was declared as “not 
tested”. My major concern was that it could have some special Tektronix ICs broken. They are very 
expensive and some of them are very hard to find. I wished however to get hold of this unit, so I 
decided to afford the risk. 


Waiting the 7D15 to arrive, I took advantage for studying its documentation, finding it a little 
scaring; the circuit is intricate enough... 


I planned a very thorough examination of the stuff before powering it on, but when it arrived I could 
not resist and immediately tried to plug it into a 7603. First: no smoke; second: no mainframe claims, 
the power remained on. After few seconds, the display came on: the readout system, that mainly 
worried me, was happily running. A first sigh of relief! 


After few minutes, the mainframe power goes off. That didn't frighten me too much: it could be a 
typical Tantalum capacitor fail, and it was (C931 on +15V). Once I replaced it, I started trying to 
understand what was working and what not. I spent (lost, according my wife) one day and a half to 
find the other two problems, navigating in the knotty schematics. They are complex indeed, but I find 
myself much more comfortable with this kind of circuits respect to amplifiers and analog circuits in 
general. Eventually the problems were: 
e the GATE OFF button had an imperfect contact, that sometime blocked the gate operation (just 
move the connectors and clean); 
¢ a 74Lo00 (U264) was faulty. It prevented the reset circuit at the end of a measure, so the counter 
went on with an endless count. I had not a 74L0o0 spare; a pull-down temporary solved the 
problem. Later, I replaced the 74L00 
with a 74HCoo, and it worked 


smoothly. OUT— OUTOC OUTINPUTA = QUToC our 
To conclude: I have now a perfectly SLOPE COUPL Ga | 
working 7D15, am very happy with my 4 at aus ; Ee 
purchase and grate to the seller. As you can wn , 
in the photo, I still need only to restore the ma i | PoF i 
button keys, using the technique that I 22pF 


TRIG 
TRIG ¢ ) ®)) nA 
LEVEL 0) @ 


describe in this book itself. Update: I did it 
and the result is in the photo on the right. 
In background in the photo: a WWe WS 19 MkII receiver 


transmitter, a Siemens e311 receiver and a BC-221 
frequency meter. 
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Measuring frequency 


Let’s return now to the question “how to open and close the 7D15 gate”? The 7D15 offers you 
various ways to do that, so that to offer the best versatility. 


Let’s analyze the case of frequency measurement. In this mode, the 7D15 uses use a precise clock 
signal (from 10ms to 10s) to open and close the gate, while the counter counts the pulses coming 


Example of frequene . 
a cb from the unknown signal. 


measurement with 
7D15. 

The trace above is the 
input signal, the trace 


ad is the ante of The input signal from the real world cannot be, in general, directly sent to the counter, but must be 
the trigger signal con- o,e . : : 

ccc. 5 aauned conditioned, i.e., transformed in a precise value rectangular pulse. 
Mien ee For this purpose, the 7D15 has two inputs, A (left) and B (right); each of them has a trigger circuit 
the units (“MHz”) are with the typical trigger controls (level, AC/DC, polarity). As normal, each trigger includes a pulse 


right below. shaper to have only an high or or low level in output. 


hE z 


For the frequency measurement, we must use the B input. But, if the input signal is not so clean, 
who can ensure that the trigger is operating correctly? A strong ringing could, for example, lead to 
multiple pulses and so to a wrong frequency value (see the photo below). 
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The 7D15 has a very practical way to “see” the input : 
signal and superimpose to it the conditioned signal ——— 
produced by the trigger. It is sufficient to: 
¢ send the input signal both to a vertical channel 
of the scope and to the B input; 
¢ set the switch DISPLAYED WAVEFORM to CH 
B, to show the conditioned signal. 


aT 


The setup for this test is: 
° GATE: NORMAL The photo on the right shows this condition. As you —- 


MODE: FREQUENCY can see, the conditioned signal is not representative 
TIME: 10m$ ; . ‘ 

STORAGE: ON of the input signal, and the read frequency is 12.246 | 
DISPL’D WAVEF: CH B MHz. In this case, we need only to adjust as 


DISPLAY TIME: 0.1 s : ; 
B TRIG COURGE TIPU S necessary the input B trigger level knob to see the 


SENSIT/LVL: as required real frequency (6.123 MHz). 
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The pulses count The incoming signal 


Sscereen cursors — 


e GATE: CH A GATE 

MODE: FREQ 

TIME: 10mS 

STORAGE: ON 

DISPL. W.: PSEUDO GATE 
DISPLAY TIME: 0.1 s 
SOURCE INP B: IN 

CH A TRIG: SLOPE + (!) 
SENSIT/LVL: as required 


The PSEUDO GATE 


With modern DSOs, we are used to have two pair of cursors, one for time and one for amplitude. It is 
interesting that this basic concept arrived relatively late. With 7D15 you can add to 7000-oscillo- 
scopes a sort of cursors for time, but it was not so explicitly stated in the original documentation. 


To have these cursors you need also a 7B53A time base, but you need to apply a little modification to 
it, if not already done, setting the P140 and P613 internal connectors, as described in page “7B53 
more details” in this document. 


Doing so, you get the cursors using the delayed time base to highlight a portion of a displayed trace. 
You can continuously move the beginning (left cursor) and the end (right cursor) of the highlighted 
portion as follows: 

* you can move the left cursor with the DELAY TIME MULT knob; 

* you can move the right cursor with CAL red knob. 


Now you have available the DLY’D GATE OUT signal that you can route to the A input of the 7D15. 
This signal is not available on the back panel of the scopes (honestly I did not understand why) as it 
should be, but from the 7B53A DLY’D TRIG IN BNC connector (press the INT/EXT button). 


The incoming 
signal 


Burst events counting 


Let’s examine an example where we want to count the pulses in a burst in- QEEIGEE 


ML ed 


side a complex signal. The DLY’D GATE OUT signal from the 7B53A is 
routed to the 7D15 A input. Adjust the Delayed Sweep TIME/DIV and the 
Dacca 


DELAY TIME MULT control for a display as shown in drawing. With the B ¥ O OELAY TIME MULT) kn (GAED knob 
input trigger LEVEL knob set to the PRESET position, triggering should oc- ES oO Dh isiovss contiac nase Moves continuously 
° . = € Tl, IM1t O: e 
cur at the zero volt crossover point on the waveform. Changing the 7D15 == ee Jef limit of the highlighted highlighted portion of 
portion of the trace the trace 


DISPLAY WAVEFORM switch to CH B will show you exactly which events 
are being counted and the point on the waveform where the triggering oc- 
curs. 


ovr om 
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Measuring period 


As we well know, period is just the reciprocal of the frequency, but period measurement is normally 
used for low frequency signals, typically below 50-100Hz, because it is more practical to deal with 
475 ms instead of 2.185263 Hz. 


To measure period, the 7D15 gate is opened and closed by the input signal lead to input A. The 
number of clock pulses counted by the counter represents the period value. In this case, we need to 
be sure that the gate signal period corresponds exactly to the incoming signal period. To do that we 
must: 
¢ send the input signal both to a vertical channel of the scope and to the A input; 
¢ set the switch DISPLAYED WAVEFORM to TRUE GATE or PSEUDO GATE. The latter position 
increases the refresh frequency of the display and makes it more readable. 


In the photo ® below we can see a 2.5 kHz signal, with a read value of 0.400 ms. 


A possible different approach to the period measurement is the one of the manually adjusted 


cursors, ina manner similar to that described on the previous two pages, as shown here in photo @. 


Less automatic but practical. On the right: the 7D15 inside the 7904, checking the calibrator signal. 
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The setup for test O is: 


GATE: NORMAL 

MODE: PERIOD 

TIME: 10mS 

CLOCK: 100ns 
STORAGE: ON 

DISPL. W.: PSEUDO GATE 
DISPLAY TIME: 0.1 s 
SOURCE INP B: OUT 
SENSIT/LVL: as required 
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The setup for test @ is: 


GATE: NORMAL 

MODE: TIM WIDTH A 

AVERG: X1 eM 
CLOCK: 100ns : Ms, 


DISPL. W.: PSEUDO GATE —— i = - os 
DISPLAY TIME: 0.1 s ee 
SOURCE INP B: IN Bare Te ero Te a 
SENSIT/LVL: as required ' = 
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More examples 


A great part of the information contained in this book was taken from the Tektronix 42W-5017 
application guide, “Increased measurement accuracy using a 7D15 universal counter/timer”. Its 
purpose is to introduce to the 7D15 Universal Counter/Timer and its many measurement 
capabilities, and to show how to make a variety of counting and timing measurements with greater 
versatility, speed, accuracy, and resolution. Many possible measurements are described, such as: 
¢ Repetitive Signal Frequency Measurement 

Burst Frequency Measurement 

Burst Events Measurement 

Waveform Period Measurement 

Selective Period Measurements 

Waveform Width Measurements 

Time Interval Measurements 

Selective Time Interval Measurements 

Time Interval Measurements on Two Separate Signals or Two Signals with Different DC Levels 

Phase Measurements 

Ratio Measurement of Two Signals 


Each application is described in detail, with step-by-step instructions for set-up, interconnections, 
and control settings, so that to prove that the 7D15 Universal Counter/Timer is indeed a versatile, 
accurate, and easy to use measurement tool. 


The document, downloadable from TekWiki, is interesting. 
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(D1e A/D converter 


A multifunction plug-in 


The 7D12 is an A/D converter. Its primary purpose is to produce a digital display in the readout area 
with a measured value. It can, in turn, host one out of three sub-plug-ins: 
e¢ M1 - a digital multimeter module with DC voltage, resistance and temperature (with P6058) ranges. 
It does not produce an analog output signal; 
e M2 -asample and hold module. Differently from a simple digital voltmeter, it allows to see exactly 
the point where the measurement is taken. 
e M3 -aTrue RMS module with floating inputs. It produces an analog output signal with a 3 dB 
bandwidth of 700 kHz and vertical sensitivities between 100 mV/Div. to 500 V/Div. in a 1,2,5 
sequence. 


Me: something that makes you smile 


Town only the sample and hold M2 sub-plug-in, so I will speak about it. It that can measure voltages 
from ground to a selected point, or the difference voltage between two points in the same trace. 
Something that makes you smile: exactly what today even the cheapest oscilloscope does with the 
cursors. 


The dream 


To understand the 7D12 target, must go back with your mind to the seventies, when it was normal to 
perform measurements counting the divisions, and their fractions, on the CRT and multiplied the read 
value for the scale factors. That process was error prone and however subject to the operator’s 
sensitivity. The dream was having a system capable of giving directly the numeric values. 


The oscilloscope CRT is a 
Cartesian space. The origin The Cartesian. space 


position is obviously arbi- 
trary. 


Measurements performed on the oscilloscope include in general determining two points’ distance. The 
CRT in a Cartesian space, i.e. a plane with a coordinate system that specifies each point uniquely by a 
pair of numerical coordinates, said ordinates (x axis) and abscissas (y axis), in our case, respectively, the 
time and the voltage. Normally, we want to know the distance of two trace’s points, as the difference 
between its coordinates. Often, one abscissa is implied, assuming its value as zero (ground potential). 


OUR OVS 


Lucky owners DELAY TIME on 7B80 (or similar); 
¢ right cursor: move it changing the delayed time base TIME/DIV knob (in steps) or use the 


As we have seen above in this document, the 7000-Series lucky owners already had ways to make ; a ; 
VARIABLE knob (continuous), that stays inside the time base TIME/DIV knob. 


measurements on the x axis (time): 
¢ the 7B53A (or similar), allows to read the delay of the highlighted from the beginning of the : 
graticule by mean of the TIME DIV MULT knob; eT eo 


the 7B80/7B85 (or similar) produce a digital display of the delay of the highlighted zone from the So we know how to move the cursors. But how to pass this information to the plug-in? There is not a 
beginning of the graticule; they also can produce two highlighted zones, measuring the time suitable internal connection, so we need to inform the 7D12 (and the 7D15 if used) about the starting 
difference between the start of the first zone and the start of the second zone. It is only apparently and ending point of the hig hlighted portion. This information is contained in the DLYD GATE signal 
a digital measurement; there is an AD converter that simply converts the voltage in a certain (catted aiso+GATE or simply GATE), a rectangular pulse that goes high when tie bright trace 


; ; ; ae . begins and goes down when it ends. This GATE signal must be routed to the trigger input on the 
point of a saw tooth. Both this solutions are referred to the beginning of the screen and require : 
shits A aiceual ealelation (ibiccnen). front panel of the 7D12/7D15 plug-ins (see next page for the complete setup). 


the 7D15 (and probably the 7D11 that I don’t know) adds the possibility to measure a pulse width. 
It is sufficient therefore to measure the width of the GATE signal. Differently from the others, this 
solution is based on digital counters, and so very precise. 


A great improvement 


The 7D12 represents a completion of the dream, and a great improvement over the manual practices 
of subjective operator’s calculation. 


With it, we can read precise digital values of the abscissas (voltage), directly from the screen 
readout, furthermore without the used uncertainty about the zero voltage position. A real leap 
forward in measuring. 


At that time, very few competitors had these capabilities. We are in 1974 and, besides the DPO, we 
must wait the 1980 7854 to have this kind of digital measurement of an analog value in a certain 
point. 


Moving the cursors 


How to set then the measurement points? There are no dedicated cursor movement controls, so, as 
we did for the 7D15, we can use the trace highlighting, as already implicitly introduced above, that ‘ : | The 712 plugin allows in 
you certainly well know. Let’s resume then the procedure to follow:  y turn to use other “mini plug 
¢ highlight the portion of the trace that you wish. The beginning of the highlighted zone will be - 87 thet tie Date the 
your left cursor (S1) and the end the right one (S2); 
¢ left cursor: it can be moved by mean of the TIME DIV MULT knob on 7B53A (and similar) or 


Me sub-plug-in. 


ov4 


On the “big” mainframes (78xx, 7704, 7904, 1004), that signal is available on the front or the back panel. 


On the 76xx mainframes, the back connector DLY’D GATE is not really connected (even if you set the 
switch on the back of the scope). In this case you need a 7B53A (or similar) with a little modification, if 
not already done. You must set P140 and P613 internal connectors, as described in page “7B53 more 
details” in this section. In this way, you can get the DLY’D GATE signal from the front trigger BNC EXT 
TRIG IN (press the INT/EXT button). 


Let’s now see an example of using the 7D12 and 7D15, with the 7B80/7B85 time bases. 


Remembering that the M2 is also a vertical amplifier, we connect the input signal to it. The following 
connections are required: 
¢ the signal to investigate r 
must be connected to the _.{ Time difference S2-S1} 
INPUT BNC connector; / - 
¢ the GATE signal must be 95 
connected to the 
TRIGGERING EXT 
INPUT connector (7D12) 
and TRIGGER A EXT IN 
(use a BNC “T”). 


Then the 7D12 setup: 

¢ TRIGGERING=EXT; 

¢ S1 button: extracted, for 
reading the voltage 
difference between two 
points (S2-S1); 

« ATTEN/RANGE/ 
COUPLING=as you 
want, for a correct 
display of the input mac 
signal. | Time units & multiplier 


OVD 


The GATE button allows you to show or hide the GATE signal on the CRT, so that you can see, 
together with the input signal, the left/right points where the measurements are taken. Also the 7D15 
shows this signal, but cannot be disabled. So it is convenient to let in OFF that of 7D12, that should be 
only a replica. The 7D15 setup is as follows: 


¢ GATE: NORMAL ¢ DISPLAY TIME: 0.1 s 
¢ MODE: TIM WIDTH A ¢ SOURCE INP B: OUT 
¢ TIME: 10mS ¢ SLOPE: + 

¢ CLOCK: 1us ¢ SENSIT/LVL: adjust 


¢ STORAGE: ON 


. DISPL. W.: PSEUDO GATE The picture shows also the time 


base and the mainframe settings. 


© A 2points measurement. @ For our delight, we have a lot of buttons and knob to set. This is the setting for the display shown in the page at 
left. The GATE signal is connected to both the TRIGGER input (A TRIGGER for the 7D15). The mainframe is the 7904. 
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S1 voltage to ground 


. = If you settle for just one measurement 
point S1, i.e. you assume implicitly to 
refer for the time to the beginning of the 
display, and for the voltage to the 
electric zero, you can save the 7D15. 
With the 7B80/7B85 you can read the 
delay value directly on the screen, with 
the 7B53 you need to “decode” the multi- 
turn knob. 


In this case you must first align the 
horizontal position, or you get a 
measurement error, as shown in the 
photo @. 


TTCAL GSPLAY TRIGGER i. 
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Using the 7B53A is similar to that described (photo @), with the following differences: 
¢ the 7B53A must be modified as told; 
¢ you have one TIME/DIV combined knob for both the delaying and delayed time bases; 
¢ the reading of the delay is performed using the multi-turn DELAY TIME DIV. 


The M2 vertical amplifier has a bandwidth of 25 MHz.The module has an aperture time of only 10 ns. 
With repetitive signals, the period between the sampled points can be as short as 30 ns, in single shot 
mode it must be at least 150 us. 


The A/D converter can be triggered internally (when installed in a horizontal bay), manually by the 
front panel switch, or externally from a trigger source. The 7D12 will trigger automatically at 
approximately 4 Hz if set to Auto. 
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© A single point measurement; 
note the time delay error, due 
to improper horizontal position 
setting. @ The same setup al- 
ready seen on the 7904 trans- 
lated to the 7633. Note that the 
missing keys’ enlightenment 
makes the setup more difficult 
to see in the photo, while the 
CRT highlight is here more evi- 
dent (the difference is due to 
the high sensitivity of the 
iPhone photo camera). 


ors 
Winning éasy 
Do you like winning easy? Get the 7854 and obtain 


what you want with few keys (photo @). But the 
comparison is not fair: there are minimum 6 years 


respect the 7D12, and eight respect the 7D15, and, what |7 


really counts, a microprocessor that took the field. 
That makes even more historically interesting the old 
digital plug-ins. 


The cursors are the two bright dots that you can see in 
the photo. The meaning of the labels: 
: AVCRD = Vertical CooRDinates: difference 
between the x coordinates (time); 
* AVCRD = Horizontal CooRDinates: difference 
between the y coordinates (voltages). 


A final note: wonderful 7904: one of the few that has 
no fan and makes no noise. An advantage that even 
most modern DSO are often not capable to offer. 


© The cursors are very easy to 
obtain on the Tektronix 1980 
7854 digital storage oscillo- 
scope. @ The M@ sub-plug-in is 
a little jewel. Other sub-plug-ins 
were available: the M1, a volt- 
ohmmeter, and the Me, for 
reading the RMS value of an AC 
waveform. © The M2 right 
side. @ The M2 left side. Note 
the mini-delay line. 
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7000-Series plug-ins 
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7D12 


a mini- 
mainframe 


7000-Series plug-ins 


The 7D12 iterates the mainframe concept, ina 
kind of Russian doll, with its capability to host 
other plug-ins. 


A very interesting piece of Tektronix architecture 
indeed. 


O 7D12 left side view 
© 7D18 right side view 
© 7D12 top view 


7DO1 key specifications 


Channels 


10 ns (100 MHz) 


20 ns (50 MHz) 


40 ns (25 MHz) 


Sampling Rate 


or external clock up to 50 MHz 


Trigger Sources 
¢ external 
¢ channel 0 data 
¢ 16 channel word recognizer 
* manual 


tHEtt =] 
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¢ 4 channels at 1016 bits/channel, 
maximum external clock period 


¢ 8 channels at 508 bits/channel, 
maximum external clock period 


¢ 16 channels at 254 bits/channel, 
maximum external clock period 


¢ 10 ns to 5 ms per sample (1-2-5) 
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TDO1 logic 
analyzer 


The 7Do1 is a 16-channel logic analyzer plug-in for the 7000-Series scopes, which entirely change 
and extend the purpose of this product line. It was introduced in 1976 and can display a timing 
diagram, that can be positioned and zoomed using analog controls, thru the mainframe's readout 
system, to indicate the cursor position (on top) and the binary data pattern at the cursor location, 
using the two bottom readout fields. Its complexity is far from that originally conceived for a plug- 
in, and required thus the volume of even two drawers. 


One year later the 7Do1 introduction, its mating companion DF1 display formatter plug-in became 
available, offering a data domain display, i.e. a view of the same data that the 7Do1 was able to 
collect, in form of digits, thru state and map tables. Those functions ought to be included in a good 
logic analyzer: ultimately, it was the balance of a technological debt, even at the price of three-plug- 
in total volume. 


As you can see by the fonts, the DF1 had its own readout system, more modern and effective than 
that included in the 7000-Series mainframes. It was able also to generate the readout in timing 
diagram mode, allowing a 7Do1 with DF1 (a set called 7D01F) to be used in mainframes without 
readout, e.g. the large-screen 7603N. 


To compose full logic analyzer, you had to pay in total in 1977: 
¢ the 7603 mainframe: 1,850$ 
¢ the 7D01F with two P6451 data probes: 4,390$ (more than twice the mainframe price!). 


If you were oriented to use the equipment only for logic analysis, you could save 400$ for the 
mainframe readout system. 
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(DO1 Explaining J 
the wonders | See 


Tektronix understood that also the documentation should follow the introduction of an equipment 
so different from traditional oscilloscopes, and that users had to be helped in the digital transition. 
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The Tektronix 1977 general catalogue was so not stingy with explanations of the new technologies 
and two beautiful brochure explaining in simple words the wonders of the new plug-ins was 
produced. Sill today, they can be downloaded from TekWik1. 
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With today eyes, 7Do1 is substantially a simple device: a “photo camera”, capable of taking 


Pad LAL, 


“shots” of 16 digital inputs in a static RAM. This RAM is large only 512 bytes, so it can only ee ltrs Ah. . ¢ we eS “i 
store 256 samples of each input (really 254, that can increase to 508 if you want just to mi ee GuLALIFUrn 
record 8 inputs, or 1,016 for 4 inputs). Ai eB ATA TRIGGER POLARITY pos ty 

| 2 j og ne baa 
The “shutter button” can be pressed automatically, with intervals from 5ms to 10ns or by 7 , Bale C wie e- é 
an external clock up to 50MHz. Data are cyclically stored in memory, until a trigger is J aoe .! EXT CLOCK j 
condition occurs. This allows to introduce in the oscilloscope the concept of pre-trigger. a i ae a 
Analog scopes had no way to store what happened before a certain event. Now, when the . 0 = A 
trigger occurs, we have the stored data and we can investigate them thanks to 7Do1. The erik i WORD RECOE Wo 


X, don’t care). 


trigger event can be positioned in the middle of the buffer, at 10% or at 90%, depending of ! ; : = = peng 
the segment you want to investigate. ' . C re a aa a _" rf & . 


Two rows of nice 3-position switches allows to trigger on a specific condition (one, zero or 4 ‘ a ‘ x ‘ : QUALI 
: € £ ft { ¢ { -¢ -§ PLLTLA 


BOE ; EEE AG TUAEAES eRe) AG EME ! AEA Ke 


a aout ff 


ave 


589 


Like a video 
terminal 


When the 7000-Series was introduced, as we noted above, Tektronix defined the 
capability to show the few readout characters as “possibly the most dramatic feature of 
the new instruments”. In 1969, only the computers had this striking capability. In 1976, 
however, the phenomenon of microcomputers had already exploded, and video terminal 
were no longer an astonishing spectacle. 


At Tektronix, someone, when imagining the 7Do1, perhaps understood the new wind and 
also thought of the large park of 7000-Series already installed. Maybe for reason of time, 
the 7Do1 relied only on the old readout system, but to have a real logic analyzer, 
something better was necessary. The DF1 was a complete microcomputer, with its own 
raster video controller, capable of presenting alphanumeric characters, with the quality 
of a video terminal, and did not use the mainframe readout subsystem. 


Without the DF1, the 7Do1 could only display data in the timing diagram format, similar 
to a multi-trace scope (but each channel can represent only high or low states). 


With the DF1, data could be displayed in binary, octal or hexadecimal format, with a 
better font respect to the old readout system, and also with the capability to highlight the 
differences with a stored buffer. 


The DF1 gave also another advantage: you could use also a mainframe that did’t have the 
readout subsystem, saving something on the total price. I followed this way: my first 
7603 was an “option 1” (i.e. with no readout, strange this Tektronix practice of negative 
options...), so it was the ideal candidate for the 7Do1F. 


Presentations 


Without the DF1, data can only be displayed in the © timing diagram format, similar to a multi-trace 


scope (but each channel can represent only hi or low states). Note the “calligraphy” on the screen, similar 
to the one typical of 7000-Series readout system. DF1 has its own readout system and, with it, you can get 
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the same display but with a better graphic @. In ® note that you can select 8 channels instead of 16 
obtaining a better readability (they can be reduced also to 4). DF1 allows furthermore to add ® binary, ® 
octal and hexadecimal data presentation and also to automatically compare the acquired data with a 
stored buffer, highlighting the differences ®. 


After DF1, a DF2 was produced, that allows also to manage data in ASCII format @. 
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Map presentation 


The DF1 provides also three mapping modes, FAST, SLOW, and MANUAL. 
64k unique memory locations can be displayed; the most significant half 
of a hexadecimal word positions it vertically, the least significant half po- 
sitions it horizontally. Data is scanned with a + symbol in the same order 
it was entered in memory. The map display © lets you zero in on software 
emea Inthe FAST mode. 1 atah t+} M17 rTtT ’ A 


is7é600 CUR 


592 Internal 


eee 2 Se = ee 


V4 D O ] clock | aS Ba esa 


More details 


The 7Do1 acquires data asynchronously using an internal clock from 10 ns to 
50 ms per sample, or synchronously based on an external clock. A built-in 


word recognizer can trigger on any combination of the 16 data signals, To 
plus the probe and external qualifier inputs. The recognizer's output is digital 
available to trigger an external unit, e.g. when the 7Do1 is combined with system 
amplifier and timebase plug-ins in a 4-bay mainframe, giving so the under 
capability to produce mixed digital/analog data presentations. But for test ) 


this you need to renounce to DF1 and to use a 4-slots mainframe. 
Data are acquired using two P6451 probes (see next pages). 


The 9th channel on the first probe can be used as external clock input, that on the second 
probe as external qualifier. The input logic threshold can be set to 1.4 V for TTL, a 
screwdriver-adjustable voltage (VAR) between -12 V and +12 V, or a mixed mode (TTL- 
VAR) where the first probe (0-7, CLK) is set to the variable voltage, and the second probe 
(9-15, QUAL) to 1.4 V. 


There is no internal glitch detector, but a separate DL2 or DL502 latch plug-in can be 
used to stretch short pulses =5 ns to the clock period. The latch plugs in between the 
P6451 probes and the 7Do1's inputs, and receives the sample clock from the 7Do1's 
Store Clock output (from TekWiki). 
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3 A Button ff ' ' a he . atteen'aaeenn a 
light boar } ' +. = 3 = oe, : - i¢ | In this picture you can see the main components of the 7DO1F assembly (7D01 and 

a i - ; A DF1 plug-ins together). Note the appearance of the D-type connector and a general 

: 7 design rather different from the previous plug-ins. The intelligence board uses a 


Motorola 6800 microprocessor, at the time a successful novelty, together with the 
6810 256-byte RAM. 
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P6451 probes 
Reading the data 


The Tektronix P6451 is an 8+1 channel active logic probe 
designed for use with various logic analyzers, including 
7D01. It presents nine differential ECL signals 
back to the input section of the analyzer — 8 
data channels, plus a 9th channel 
that is used either as a clock or 
as a qualifier. 


FET inputs and 
differential ECL outputs that 

can drive terminated 100 Q 

lines. The instrument input would 
contain differential ECL receivers 
like the 10115 or 10216. 
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The P6451 uses the P64xx-family 10-wire 
input lead harnesses with 0.2"-spaced 
connectors. It is also possible to use standard jumper 
wires with pins, sockets or clips on the other end for connecting inputs (text 
and photo from TekWiki). 


Be careful: there are two versions of the P6451: the one required for the 7Do1 is part No. 
010-6451-02/-03, with the straight connector. The 010-6451-05/-07 has a 90° connector and 
\, is intended instead for 300 series analyzers. 


The P6451 internal: 
the only two active 


For using all the components are hybrid 


capabilities of D701, ICs designed specifi 
two P6451 probes were cally by Tektronix. 
required. 


The P6451 has the ability to set 
different threshold voltages for each of 
three channel groups — 1-4, 5-8, and the 9th 
(called 'C' in the manual). 


The only active components are two 155-0137-00 custom 
hybrid pre-amp/comparator modules containing comparators with 
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(TA16P programmable 


Iwas uncertain about where to put the 7A16P. It is basically just a vertical amplifier, but a 1978 
device with a Motorola 6800 inside, surely deserves a place in the digital section. 


Iwas not going to buy it, but it was offered me at only 17,5$ and I could not say no (a good excuse 
to myself: I spent 70$ for shipment and custom...). It is fascinating but hard to use in some way. But 
let’s go in order... 


The 7A16 is a normal single channel, general-purpose, 150 MHz, vertical amplifier, introduced in 

1970 and superseded by the 225 MHz 7A16A in 1973. The 7A16P (note the “P”) is a special version of 
the 7A16, designed specifically for the 7000-Series digitizer mainframes, like 7612D that you 
can see in the photo taken from TekWiki, where the 7A16P is present. The difference with the 


standard version is that the 7A16P is programmable, that means about that its keys can be ja r 

pressed by a remote computer, via the GPIB interface. These functions required to embedded a — - TIME OASE AND TRIGGER CONTRO . 

complete microcomputer, as said, based on Motorola 6800 microprocessor, capable to dialog ~all| E ooo | | IOE- 9 oO oog “ . 

with the GPIB interface. eo ar ae = L— Luall = | 
= | -\ 


In theory, the 7A16P could be used only on the 7854 oscilloscope of | ™ | Geum | = a | a i oe — 4 


the 7000-Series, but required the GPIB decoder interface (called _ ° 2 | 
simply 021-0374-00, photo on the left), to which it connected with | i = 

some flat cables (the first 7A16P produced units had not the a 2 < » | Cw 
required connectors, so the flat cable had to be hand soldered). | =". —= | . 
However, my 7854 has not enough power on +5V to make it start. — : - =i ( = i 
: ail ; aa ow cll = ; 
So, the purpose of the 7A16P were essentially the automatic ee "29 | 
measurement systems. a : 


The 7A16P is special among the 7000-series vertical amplifiers in that ——— — ; rel 
it offers a switchable 1 MQ/50 Q input impedance (at 1 MQ the . SE er 
bandwidth was 150 MHz, that grow to 250 at 500. —— — 2 


Until now, I was not able putting it in operation, neither in local mode. 


It will be a case study when I dedicate to the GPIB interface, thing that 
eee = 2 have in my plans for the future. 


sul-3n]d soLiIag-O000L 


4035 


ifferent 
Note that it uses relays, as other plug-ins, relays 
that I love and hate, because after so many years 
should have all the rights to retire, whilst we 


inside the 7A16P. How much I would have the 
want at any cost keep them at work. 


Beautiful, a complete MC6800 microcomputer 
possibility to write software inside it! 
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Restoring 7OOO-Series 
oscilloscopes 


A fantastic activity, in my opinion, or a thoughtless way of wasting time and money, according to 
my wife. 


You will find also some technical notes, derived from my experience, or from others, collected here 
for you. This chapter is turn divided in sub-sections, to make things more understandable 

¢ general techniques and suggestions (in this sub-section); 

* mainframes restoration; 

¢ plug-ins restoration. 


The page colored tag contains an indication of where you are. 
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Restoring Tek scopes 


If someone, like me, has something wrong in his head, can find that restoring an old Tektronix scape 
can be acan an exciting activity. In most of the cases, they can be repaired, because an excellent docu- 
mentation is available, many spare parts can be found rather easily, and there are many groups and 
videos that can help you. 


Components were, in general, of high quality. Apart from transistor or ICs, the mast common faults 
are the large electrolytic capacitors in the power supply section, that don’t become shorted or explode, 
but just lose all their capacity. Also the Tantalum capacitors, that in Italian are called “drops” for 
their shape, require often to be replaced (they may short and explode, instead). 


It is surprising, for today standards, that they used sockets almost for any semiconductor devices or 
relays in their boards. It is even more surprising that these sockets are still reliable, if used with a 
minimum care. They are very useful in locating faults: if you don’t want to squeeze your brain 
to find the wrong transistor, just check all the transistors with a multimeter. 
Another frequent cause of problems are the switches, but cleaning them is often enawgh. -;. 
See the pages Repairing switches & push buttons for some tips regarding their cleaning. “ 


It must be noted that Tektronix, as a true leader should do, produced also a lot af books ta | 
broadcast its technology to the world. Many of them are still today very interesting and warth 
of reading. 


Lares 
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© These electrolytic capacitors have lost almost all their capacity 
and were substituted with modern ones in a 7603 oscilloscope. 


@ One of the feared Tantalum capacitors. When they get shorted, can 
produce more important damages. 


© One of the books of the Tektronix series, where their technology 
gets open to the world. 


@ A typical board of a '7000-Series oscilloscope. 
Note the sockets for the ICs and transis- 


tors. Fi / 


© The detail of an almost invisi- | 
ble transistor socket. If you 

don’t know, you can’t see 
them! 
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The Tektronix 
colors 


The Tektronix blue is very peculiar and does not correspond to any RAL color. I am even not sure 
that the color has been always the same and that did not change in all these years. I suspect that the 
old equipment was darker and the newer is lighter. My opinion is based on what I could see in the 
units I have, but maybe also that the color changed simply in consequence of age. 


Some of the my units were so badly reduced that I felt myself forced at least to try to repaint them. 
What I could do was to get a cabinet in a rather good state (465) and go to a shop specialized for 
painting, asking them for a special color. 


They were very intrigued: nobody asked them a paint for an oscilloscope! At the end they produced 
acolor that was not perfect but rather near to the target I wanted. The cost was not so little (more 
than 50 euros for 1kg), but the painting is really good quality, much better of any spray. 
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7000-Series restoration / techniques 


Should it interest someone, the paint code is Sikkens Rubbol BL Magura Q4.20.38 5051. 
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In the photo on the right: the darker ones are the original, the lighter ones are the covers repainted 
by me. 
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Also the knobs? 


In this picture you can see 
the color difference be- 
tween the TIME/DIV knobs 
of a 7B53, one from a 
clearly worn by use, the 


other that probably spent 
its life in a box. 


The UV-rays effect on plas- 
tics is very strong, as the 
restorers of ancient com- 
puters well know (photo on 
the right). 
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Plastics colors 


In my professional life I had the opportunity to collide with plastics. I admit that at first I thought 
that the matter was easier than it actually is. Just like electronics, plastics also require a lot of 
technology and experience. A mold for plastic is generally a very large, heavy and complex object 
and its design must take into account a large number of factors, such as the ability of the material to 
flow even in the most extreme angles, temperatures, deformations and much more. 


Not everyone knows that also the color has a big part in the result. Years ago, we introduced a new 
product, very important for our company. It was designed by a very famous industrial designer 
and we developed for it a very tough test plan, to avoid problems in the first units that were going to 
hit the market. One of its key points was a beautiful glass in the front, glued to the plastic with a 
super technological adhesive, subject of deep testing. Well: after few days we received complaints 
about the glass falling apart... We suspected everything: the production process, the temperature, 
the humidity etc. But in the end we discovered that the cause was... the color! All the tests had been 
performed with yellow plastic, while the production was in green. It was obtained with a pigment, 
added to the raw material, not compatible with the adhesive. Still today, while Iam writing these 
notes, I am fighting against the problem of the EN 45545-2 certification (about the safety of the 
railway sector) of an orange color, that is not present in the black. 


All this to say that perhaps also Tektronix had a problem like that. My R7844 S/N Bo10112 is 
probably the 12th unit produced, but, as you can see from the photos, is still today in good shape. So 
Iwas surprised when I found some blue plastic debris in the box. Eventually, I found its origin: two 
connectors of a flat connecting the Readout board. Both connectors were almost totally corroded 
and crumble. The biggest piece remained is that in the photo here. The other connectors were all 
good and there was no sign of corrosive liquids. I suspect that the blue plastic pigment caused 
premature aging of the material (if we can say “premature” after 38 years). 


7000-Series restoration / techniques 


Optical filters 


As for the human beings, the “gaze” characterizes an oscilloscope, and they also use “contact lenses” to 
modify their look. Which is the best optical filter that we can use to make easier our work? I thought 


that it depends on the photo camera used, but I discovered that normally the colored filter was removed 


before taking photos at high writing speed, to increase the light hitting the film (the transparent filter 
has the implosion protection purpose and is not to be removed). So, it was probably only a matter of 
taste, and/or of environmental conditions. 


Here you can see scopes with different filters: in @ is the standard 378-0696-00 filter supplied with the 


7603, while in @ the optional blue filter 337-1700-01 that I like much more. The green dark original 
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much more eye-straining. The best, in my taste, is 
the standard blue filter © of the 7854/7904 etc. In 
the case of my 7633, that arrived without filter, I 
was forced to build a new one, buying from 
Amazon some transparent plastic sheet (@). I 
tried with various colors and probably the best is 
the light green (®), while the standard, in the 
7623A on the right (®) is again too dark and 
makes harder to watch the details. 


However, as you can see, if you have to take 
photos with your smartphone, the worst (dark 
green) becomes decidedly the best... 


filters, in despite of the photos, are, in my opinion,& 15 


414 


Key labels restoration 


If you are going to restore an old 7000-Series oscilloscope, you will learn soon that most of their 
components are top quality, still after half a century, but some of them were, or are today, very 
weak. Among them, the labels on the pushbuttons. If you are not very careful, these writings 
dissolve like snow in the sun, even with light detergents (see the photo below on the left). 


So, I find convenient to clean the buttons with a swab, using on the writings just clean 
water, and then applying a transparent coating, that will protect the characters 
against wearing and canceling (photo below on the right). 


But what can we do when the labels have already been canceled? I have found a 
possible solution that is not too difficult to put in operation. 


First, you need a template. That it is easy, you can download it ready to be printed 
from my web page (the same where you downloaded this document). If you prefer, 
you can create them by yourself. I found two different fonts that are very similar to 
the original one: BLOGGER SANS MEDIUM or UNIVERS CONDENSED. 


7000-Series restoration / techniques 


I used a waterslide decal paper from Hayes, bought on Amazon, that is reasonably priced. In 
next pages some extra details. 
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STORAGE LEVEL 


© The starting point is a good waterslide de- 
cal special paper for the type of printer you 
have (laser or inkjet). I used this one from 
Hayes that is easy to find on Amazon. 


@ Removing the keys is easy and require 
only a pair of pliers. Just grab them gently 
and pull pull outwards. 


Wel 
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© Then you need a template: you can create 
it yourself or use this that I prepared (can 
be downloaded from the web page of this 
book). Print it on the special paper. 


© Now you need to clean the keys from the 
old coating. I use nitro diluent, carefully and 
quickly because is very aggressive toward 
plastics. 
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© This is a sample starting point. The keys 
are yellowed and the labels are heavily dam- 
aged. The yellow is from the old protective 
coating, not of the key plastic, good indeed. 


@ I suggest to complete the work with a 
pass of very fine sandpaper, that helps to 
get a perfect surface for applying the water- 
slide decal. 
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@ Now cut the waterslide decal and put it in 
the water. They say 30-60 seconds, but be- 
ing the decals small, few seconds are nor- 
mally enough. 


© When the decal is ready, gently help it to 
slide from the paper support to the key and 
position it correctly. It's simpler than it 
might seem. 


© When the decal is dry, apply a transpar- 
ent coating on the keys and let them dry. 
Then the keys can be pushed again in their 
seats. The result is shown on the right. 
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© TESTING A DIODE: it’s easy, just 
check that it does not conduct when 
reversely polarized (red on cathode), 
and that, when forward polarized, the 
cut-in voltage is between 0.2 and 0.9 V. 


Checking 
semiconductors 


Most of us don’t have a curve tracer to analyze the characteristics of diodes or transistors, so, the 
only way that I see to check the active components is the old multimeter, said VOM (volt/ohmmeter). 


A diode (®) is an electronic component with two terminals, said cathode and anode, that conducts 
only in one direction, i.e. when the anode is positive respect to the cathode (direct or forward 
polarization). When the anode is negative, it does not conducts (reverse polarization). A good diode 
should have zero resistance in the former case and infinite in the latter. The reality is something 
different; diodes in the forward direction, for example, need to surpass a threshold voltage, or cut-in 
voltage, before being able to conduct electricity. 

Any VOM (®) has a function to test diodes, implemented as shown in schematic @. You test that the 


diode does not conducts when reverse polarized and that conducts when forward polarized. In this 
case the VOM gives you the cut-in value (normally 0.2+ 0.9V). The test is done with a 3+4 V battery. 


A transistor (@) can be seen as two diodes combined together (8 and ®), so you should test it as two 
diodes. E.g (for an NPN): red probe on B, conducts toward C and E. Black probe on B, no conduction 
toward C and E. Test always also that there is no conduction between C and E, in both directions. 


Other components soldered to the board can alter the readings. Luckily, most transistor on 7000- 
Series boards have sockets, so checking them is extremely simplified. 


In my whole life, I never tested so many transistor as now that I work on old Tek stuff... 


® 


NPN 


o cal 


= (sie © 


420 


Measuring ripple 


Every time that I read something telling “now measure the ripple”, I feel myself 
uncomfortable, because I normally see a lot of noise, that seems to be independent on 
the ripple itself. 


In other respects, measuring the ripple is important when we deal with power 
supplies, as often happens with Tektronix old stuff. I have not a long experience with 
them, but for what I learnt in these months, problems with power supply are the most 
common with that old gear, especially for the “dried” capacitors (I don’t know if really 
something dries, but it is a convincing expression). I found more than a couple of 
scopes that were neither starting up, because the filter electrolytics had lost almost 
100% of their capacity. But what when you are in the middle of the drying process, i.e. 
the capacitors are not yet dry but on the road to drying? Normally you get a greater 
ripple, that can produce dysfunctions. 


A sign of that is given by readout characters that begin to “dance”. Initially, I though that it was some timing problem in 
the Readout board, but I was wrong: in the 7000-Series, there is no raster, like in a television; if the character positions 
are unstable, they move accordingly the changing voltage on the screen. If the ripple affects the horizontal and vertical 
amplifier as well, the effect is that the characters slightly move horizontally and vertically, producing that funny and hated 
effect. I tried to correct locally the +130V ripple on the horizontal amplifier (adding a capacitor), and character continued 
oscillating only vertically. But adding capacitors locally is not a good solution, we must go to the root of the problem. 


I found a Tektronix technical note specifying the allowed ripple for 7904, 7844 etc. and it is 
in the 1+2 mV order. How can I measure that? The article in some way tells also the answer: use a 


differential vertical amplifier. So I tried with the 7A22 and... wonder, it works! 


Just do so: get a BNC/BNC cable, cut it exactly in the middle (to have two identical cables), and apply 


some form of clip at the free end, forgetting the screen. Now connect one cable at the “+” 


input and the 


other at the “-”. Connect one of them on the other side to the ground of the Device Under Test (DUT) and 
the other on the voltage terminal you want to check. Put both channels in AC and enjoy the neat screen. 
Generally, is better if you limit the amplifier bandwidth with the relative knob, normally we are not 


interested in the high frequency noise. 


In the photo: a 7603 checks the ripple to a 7904. Look at the marvelous 200,V in the readout! 


Fans, 400HZ & noise 


Looking at many equipment labels, I often asked myself: “why 400 Hz?” 400 Hz power networks have 
become the standard for weapon systems, aerospace, and aircraft industries across the world, because 
the 400 Hz equipment is lightweight, reliable, and offers high power capability. As a consequence of it, 
airports, hangars, and ships that carry aircrafts have 400 Hz power systems. 


Continuing with questions addressed to myself, I noted that some 7000-series oscilloscopes have a label 
stating 50-60Hz, but other have 50-440 Hz (photo below). Why, considered that their power supply are 
almost identical? 


The reply came reading the 7844 oscilloscope description in Tekscope 6-1974: 
Because the 7844 has a DC fan it will operate from a power line having a frequency from 48 Hz to 440 Hz. 


So I checked my electronic friends: limited to 60 Hz are those with the fan! The fan is the limiting 
factor, because, in most oscilloscopes, when present, the fan is based on a synchronous motor, in which 
the rotation of the shaft is synchronized with the frequency of the a.c. supply voltage. These inexpensive 
and durable devices can accept the 50 or 60 Hz, but are not able to work at 440 Hz. 


I said durable, and they seem to be so, but 
the fan of my 7633 had start becoming a 
little noisy, so I dismounted it, as shown 
here. The fan ball bearings are sealed, and 
it is not possible to overhaul them. So I 
limited cleaning up everything and 
applying some oil drops. The result is good 
and the noise disappeared. Not too bad, 
for a motor that has probably been 
running for tens of years. 


THIS INSTRUMENT IS CONNECTED 
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The sound of silence 


All the 7000-Series mainframes eat energy and produce a certain amount of heat, that must be in 
someway wasted. All their power supply are of the linear type, even if preceded, in some cases, by a 
more efficient high frequency inverter, instead of the traditional a.c. mains transformer. 


So, all the extra energy must be wasted in heat. The first models, 7704, 7904 and 7603 rely only on 
natural air flow, while others have a fan, that, as we sow before, can be DC or AC powered. 


The fan is something that long time ago was considered mandatory: I still remember the strong blow 
that you heard near any computer installations. 


But the fan noise is really annoying, and when switch it off, you cannot help to think “finally!”. So I 
tried an empirical evaluation of the noise produced by some oscilloscopes, using an app of the many 
you can find for any smartphone. The results are summarized in the table below, where you can see 
that the most modern are the most noisy. 


Worth to mention, the 11400-Series, that have an automatic fan speed control, to adapt it to the 
effective heat production, like any modern laptop do. 


© The 7603 is the most elegant: no fan and very slim heat sink, barely visible. @ The 7903 succeeds 
remaining fan-less, but has a large heatsink. © The ugly fan cover of the 7623/7633. @ The 7854 fan 
protrusion is the biggest, but it contains many other circuits. @ The 7844 uses both, natural and forced 
air flow, but it is ...justified, having packed almost two 7904 in a volume less that a standard 7904. 
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An open Tektronix relay. Notice 
| how thin the wire is. It was al- 
most impossible for me to han- 
dle it correctly. 
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Relays reparation — 


We introduced the Tektronix relays theme at the beginning of this book, talking about the new 
solutions of the 7000-Series, describing their benefits and advantages, together with some doubts 
that we all today have about these old-fashioned components. 


Repairing this old stuff, you can discover that, when relays are present, it is likely that possible 
malfunctions are due to them; but if you think that, after more than forty years, most of them are 
still in order, we can consider that the Tektronix choice was not so bad. As we noted, Tektronix 
relays are furthermore very well designed: small, fast and reliable. Most of them, thanks to a very 
intelligent pin assignment, can also be reversed, i.e. inserted at 0 or 180°. 


But how can we manage them today, considering that it is 
rather difficult to find spare parts? On TekWiki (search 
“miniature relays”) you can find many articles about their 
reparation/substitution. I can give here some suggestions, 
based on my experience. 

¢ Build a relay tester like that in the photo. It is very easy and 

allows you to quickly understand if a relay is good or less; 

¢ The relay tester works not only as a tester but also as an... 
healing device. I had two cases where a faulty relay started 
to work after having exercised it on the tester. This 
medicine is better if you connect the tester to a signal 
generator and allow it to run at about 7-8 Hz for a couple of 
hours. Sometime it happens that a relay works well with the 
LEDs, but not with the weak signal currents. Often, with 
this treatment, it can be recovered. 
It is possible (but not easy) to build a new relay capable to 
fit in the existing sockets, when you have room enough. 
Sometimes, you can transplant a relay of a less important 
function to other purposes. For example, with 7A13, you can 
use the S480/490 relays, used for bandwidth limit, to 
replace S47, 48, 6, 26, 7 or 27. 
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Relay exerciser 


This gadget can help you to rejuvenate the terrible Tektronix relays. It is 
based on a Epressif32-Pico-kit microcontroller, that does really little... It just 
produces the signal to drive repeatedly the relay. Pressing its BOOT button, 
you can cycle the command period among 1000, 500, 200, 100, 67 ms. It 
requires 24V a power supply at J2 and can host, in two different sockets: 

¢ the typical reversible Tektronix relays like 155-0034-00, 155-0034-00 etc. 


(see their genial pinout here on the right); 
¢ those like the 155-0035-00. = 
You can see the schematic here below, and the layout on the page at right. On 7 
my web site you can download the Gerber files, the Kicad sources and the aM 
Arduino project for the software. b 
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KiCad is a free software suite for electronic design au- 
tomation (EDA). I started to use it to build this simple 
circuit, and I loved it immediately. After 15 years 
since my last board design, in just one day I could feel 
comfortable enough with it (don’t blame me if it is not 
perfect, Iam no longer an hardware designer...). 


ESPS2 is a series of low-cost, low-power system on a 
chip microcontrollers with a lot of integrated periph- 
erals. They can be programmed using the Arduino 
tools, generally in C++ or Python, and are very easy 
to learn, also for the huge availability of information, 
support and reference designs, ready to be used. 
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Repairing switches 
and buttons 


Cam rotary switches and push buttons problems due to false contacts of are perhaps the most 
common (and they were also so, when the equipment was new and young). 


In most cases, the problems are due to dirt. Fixing them is not always simple, especially when the 
contacts are not easily accessible. You can try to flood them blindly with Isopropyl and then dry with 
low pressure compressed air, but, according to my experience, that is not the best approach; you 
should look and check the contacts to clean them correctly. Note that sometimes accessing the contacts 
is easier than you can imagine. For example, initially I did not understand that the attenuator blocks 
in 7A18, 7A26 etc. could be easily removed, just pulling them. 


When possible, the best is a complete wash using a strong de-greaser (I use Chanteclair) and plenty of 
clean water (better if distilled), but this approach requires drying the board in an oven or at the 
summer Italian sun. However, I had good results also using a product like WD4o Contacts (not the 
standard WD 40!), helping the dirt removal with a small, very soft brush. 
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In the most difficult cases, it can be a good idea to well analyze the problem and identify the precise 
contact causing the malfunction, before trying a generalized washing. In other words, use your brain 
to identify the wrong contact and operate on that. In the case of 7A18/7A26 attenuators, you can set 
the knob to 5mV/div (i.e., no attenuation) and place the VOM, in “beep mode”, between the in and the 
out of the attenuator. The VOM should beep. Then move imperceptibly the knob. If the beep ceases, try 
to find the critical switch with a toothpick. 


Normally, push buttons as well can be cleaned with plenty of WD40C (again, not WD40!) , operating 
them repeatedly. 


For other tips, see also the Tektronix “Cam switch repair manual”, that you can find rather easily 
online. 


In the photo: a less common problem (I suppose): the hub of the cam cylinder in a 7B53 has come unglued. I doubted I could save it, and fixing 
was not easy. The problem was to glue the cylinder in the exact position respect to the hub. By comparing with a good 7B53, I could succeed, but 
two attempts have been necessary. 
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Dealing with Gold 


Dr. Hugo Holden, hugo.holdeng@gmail.com 


As I told you, I do not consider myself an expert but just a passionate lover of Tektronix oscilloscopes. I am proud to have received a significant 
contribution from a true expert. I asked him the allowance to report his really valuable experience, and here is... 


Tread your book and I have something to add in how to deal with the problems of the touching Gold 
contacts in the Tek 465's attenuators (and other similar Tek scope equipment). I have specialized in 
fixing these over many years. 


A problem crops up over time with touching contacts, where at least one or both are Gold plated. 


Although we are taught to believe Gold is non-reactive and doesn't oxidize, over time it acquires a 
very thin film, an optically transparent surface insulating film. There is no problem with it in 
switches where the contacts slide on each other. The problem crops up where the contacts are 
touching. And also where the voltages applied across the contacts are very low and cannot break 
down the film. Therefore the types of affected components include: 

¢ Tek attenuators and some of their other switch assemblies. 

¢ DIP switches with touching contacts. 

¢ ZIF IC sockets ( typically on some CPU's in vintage computers) 

¢ The target electrode connections , typically on vintage single tube color cameras. 
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In the last case the effect of resistance developing in this connection results in the loss of the 7MHz 
color carrier that encodes Red & Blue, so the camera image goes Green. 


DIP switch failure on vintage computer PCB's cause chaos. Most of the early DIP switches from 
1970's computers should be replaced as they cannot be cleaned. 


The only way to effectively clean aged Gold contacts is with a combination of some friction and CO 
contact cleaner. But the friction cannot be too much or it damages the Gold surface. 


The suggestion of using fine abrasive paper should never be made. Even 2000 to 4000 grade paper, 
regarded as fine paper in the field of paint finishes, should never be used on the contacts in Tek 
scope attenuators. And any form of spray cleaner on its own won't work as the glassy surface 
insulating film still remains. 
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(continued from previous page) The way to clean these contacts is to cut up some A4 printing paper 
(this is about as coarse an abrasive surface that should be used). The strips are cut to be about 4 or 
5mm wide and about 15mm long and a sharp fold is placed in the strip to make a right angle bend. 


The paper is initially held with forceps and with the switch arm open one end of the paper is slipped 
under the contact, and then the switch manipulated until the contact closed and the paper then is 
trapped between the switch surfaces. Then the paper is sprayed with contact cleaner. After this the 
paper is withdrawn, making sure to keep it parallel with the PCB surface, never pull upwards on it, 
or, it will bend the spring contact arm up weakening the spring tension. 


When the paper is withdrawn it is still wet with the contact cleaner. The switch is opened again, the 
paper placed under it, the switch closed again and the paper withdrawn again. This process is 
repeated as the contact cleaner dries out of the paper. Some contacts require about 5 to 7 withdraws 
of the paper before the surface is properly cleaned. 


In the Tek 464/466 scope, there are as many contacts on the top of the PCB in the region of the 
attenuator modules, as there are below on the other side of the PCB. In these scopes the entire 
assembly must be removed to be able to get at properly clean those on the bottom surface. 


A cleaner with any form of residue should not be used, which is why CRC's CO contact cleaner is 
suitable. 


(One way to fix up the ZIF Gold plated socket and pin connections in vintage computers, especially 
the ones with the Gold plated pin Athlon 64 CPU's, is to create spacers about 1.5 mm thick around 
the cpu, so it cannot fully be pushed into the socket, then partially close the ZIF socket arm to give 
just enough tension on the socket & IC pins, then remove the spacers and push the IC home. The 
sliding friction breaks down the surface film, which never happens with normal use of the ZIF 
socket). 


The oldest Tek scopes I have are the 464 and the newest the 2465B. I written a number of articles on 
Tek scope repairs & modifications for the 2465B. Though here is an article that might interest you 
about the 464/466's because the principles of Vertical amplifier frequency response apply also to the 
older generation of Tek scopes. 


One thing that impresses 
me about Tek designs, is 
that they were incredibly 
creative, novel, ingenious. 
Once I reverse engineered 
a military grade Conrac 
VDU and discovered an 
amazing and creative 
circuit in it. After a lot of 
research I discovered that 
this unique black level 
stabilization circuit, was 
invented by non other 
than Tektronix in the late 
1960's. Have a look at the 
end of this other article 
and the brilliant circuit 
they came up with. 
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@ This bar is responsible of keeping 


e 
the button depressed and to release 
it when another key is pressed. 
— a Be sure that can freely move 


and that its spring is cor- 
rectly placed. 
If Iam not wrong, the first pushbutton type was that here reproduced, that I call “pin type”, 
constituted by a small transparent plastic stick. They had a nice feature: when you press them, the 
tip gets illuminated (see next page to see the effect), and that is done with just one lamp for a row of 
buttons. After a lot of years, these buttons may become critical, especially for the dirt which 
enters the gear, so they need to be dismounted and cleaned. First suggestion: 
don't open them unless absolutely needed. This not for their 
complexity, that requires much of attention and patience, 
but because they are not designed to be serviced. So, once 
you have repaired them, there is not a defined way to close 
them again; the cover is kept in place by small plastic point 
that cannot be restored when broken. I made some micro- 
holes and used the rheophore cut off a resistor as closing pin. 
© The small white shapes have the purpose to make impossible to press two 


buttons together. They are responsible of the keys hardening. After having well 
cleaned them and their seat, apply a micro amount of proper grease or vaseline. 


© The reworked pushbuttons assembly. Note the new closing pins and the tape 
to help closing. 


© How does the light magics 

work. Normally, only one key is de- 
pressed and its tail protrudes on the back side 
of the buttons case. This tail is 45° cut, so it 
reflects part of the light toward the button tip. 
; Today everybody would use a LED for each 
a ‘ button, a microcontroller, a lot of software 
be ye etc. At that time you had to manage what you 

had... 
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As we told before, the typical Tektronix transparent 
pushbuttons are enlightened with a very ingenious 
system that uses just one or two bulbs per row. Thanks 
to their geometry, only the pressed one conduces the 
light to its tip. The resulting “Christmas tree” effect is 
very nice and the enlightened tips makes it easier to 
understand which button is depressed. 
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Note that not all the plug-ins are enlightened, even if 
they have these pushbuttons. The most glaring case is 
the 7B53A, so don’t worry if only the single sweep button 
has the light, it is not a fault but a designer’s decision. 


Neither do the three-bays mainframes like 7603 and 
similar, which have not the necessary power supply for 
the lights; but they can be easily modified as explained on 
next page. 


The genial gear, described in the previous pages, that ensure the illumination 
of the Tektronix pushbuttons. They are not powered on the 76xx oscilloscopes. 
The plastic part subject of the photo belongs to a 7B70 plug-in, that had all the 
bulbs burned out. I has obvious signs of molding. Perhaps it received an over- 
voltage, that caused overheating and filament destruction. 
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Lamps 


At first I believed that replacing a lamp could be very easy, but nothing is free, and Tektronix did 
not make things easy. There are many kind of lamps, and they are not everywhere available (i.e. in 
Europe); on eBay they are furthermore often unreasonably expensive. 


A good place to buy them is Bulbs.com, 234 Stafford Street, Worcester. MA 01603 


(customerservice@bulbs.com), but, if you too live in Europe, you will have to pay the shipment, wait 
and wait, and pay the custom. 


There are millions of lamp types, in millions of variants. Most of them are identified by an ancient 
code, but often not unique. 


Until now, I came across three lamp types: 
° 150-0047-00, aka “#398”, 6.3V, 0.2A, dia 5.9mm - it is used for the graticule illumination of the 
7603 and other with the same size CRT (es. OS-245(P)/U). They are removed pulling from the 

front (be careful, they break easily); 

° 150-0029-00, aka “#349”, aka “7381”, 6.3V, 0.2A, dia 6.2mm - it is used for the graticule 
illumination of the 7904 and other with the same size CRT (es. 7844, 7623, 7633...). They are 
removed from the rear, moving slightly 
a clip. I bought them from Bulb.com; 

° 150-0048-00, aka “#683”, 5V, 0.06A, 
dia 3mm - it is used for the pushbutton 
array illumination (that described here 
some pages before). They are soldered 
and not easy to change. In many cases, 
it is necessary to disassemble a lot. I 
replaced them with the Mouser 606-2 
(5V, 0.02A, dia 2.2mm, that are bright 
enough). 


= 


CURRENT ENCODING TABLE 
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Arduino board, in the future. ' 0.7 

0.8 
0.9 
>1 


I (mA) Ifrow | Ifcol. 
| 0 l 0 
0.1 2 i) 
e readou » Eee 
0.3 4 8 
0.4 3) 4 
This evening Iam curious about the 7000-Series readout system and I try to investigate the dialog 0.5 6 5 
between a 7A26 and a 7603 mainframe. I should like to display something on the CRT from an 0.6 7 6 
8 7 
9 8 
9 


Simple for the plug-in. Even if it seems weird, I must admit that the 7000-readout system is 
really very, very simple from the point of view of the plug-ins. If the text to display is almost static, 
only few resistors are required on the plug-in side, obviously together with the switch and perhaps 
few diodes. 


e 
oO 


To each his own. There are eight fixed positions (six in three bay-scopes) for text on the screen, 
each is ten characters long. In correspondence with the bay, each plug-in has two position 
available, one in the top part of the screen and one on the bottom part. 
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Questioning. There are 10 pins on the plug-in connector (T1...T10). T1 pin receives from the 
mainframe a -15V pulse that asks the plug-in “which character do you want to display in position 
12”. Then is the turn of T2: “which character do you want to display in position 2?” etc. Every Tn 
pin asks for a character by sending its negative pulse, in sequence from T1 to T10. 


Answering. How can the plug-in answer these questions? In a very peculiar way, really. The plug- 
in has available four pins to reply, a pair to write in the top position, and a pair for the bottom 
position (eg. CH1 on top, CH2 on bottom). Let’s talk only about CH1, CH2 is identical. The plug-in 
channel 1 must connect each interrogating pin with these two pins by mean of two resistors, thus 
producing in sequence a pair of currents for each T1, T2...Tn. 


Current encoding. Each current value stays for a number from o to 10, according the current 
encoding table here on the right. Each pair is interpreted as (x,y) coordinates (row and column) for 
the Character Selection Matrix that contains the displayable characters (see next page). For 


example, row=1 and column=2 identify the character “1”. ee 


tronix custom. 


ENTE! 


dialog; for example, row=3, column=2 in the first position is a command that says “add two zeroes 
to the following number”. Note also the SKIP command: if the plug-in has no resistor on the zero 
column, its current is null and the state is skipped, producing the shortening of the cycle from 250 to 
210us, but, above all ,avoiding to interrupt the signal trace for the readout. 


What will appear? A more complex example from TekWiki, that us a an Meaning 
was not so easy for me at the beginning. I hope that the extra TSI | 6 | & | Add two zeroes 
; ; TS-2 8 il wa 
information here reported can be useful for somebody else. Look ™3 1-2 1 10 Si 

at the circuit on the next page: it could be a vertical amplifier Tea 11) 2 cE 
plug-in. Let’s try to guess what string will appear on the screen. TS-5 Not used 
With all the information we gave here, it’s rather easy: the string 15-6 Not used 

is “YioouVv”, as shown by the table here on the right. ae rT 3 ria 
Read the TekWiki page or the manual of a mainframe to know TS9 | 5 | 2 v 
more. TS-10 Not used 


Probes: as many know, the 7000-Series readout system is capable to identify the x10 probes and correct the display information. For 
example, if you set the knob on .5V/div, the readout should indicate 5V/div, when you use a x10 probe. That is done by inserting a fixed 


resistor between the ring that surrounds the BNC input connector. Its value is less known: it must be 10 or 11kOhm. 


Each plug-in has its associated 
area, depending in the bay 
where it is inserted in. 


The 7A18 rotary cam switches 
that composes the readout in- 
terface together with few pas- 
sive components. 
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Readout board connections 7844 Logic board connections 


a = = — —<w=a CHAR. HEIGHT Ps I need to check this 7844 Logic board, so I prepared this diagram for me, but it can be useful also for you. 
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Avoid mistakes! 


I will never repeat enough that one of the bigger risks working on 7000-Series is making mistakes 
inserting the flat cable connectors in the wrong way: shifted one place or reversed. Always check 
them three times before switching the power on. I noted the @ drawing for the first time in the 
7A16P manual; I believe it can be useful also for you, and so I report it here below. 


Remember always that the wire colors can help you avoiding mistakes; they follow the same 
resistors’ color code as the resistors (@). Even when they seems to be white, normally they are 
striped. So the pin 1 is always the brown. 


Note that all the cables in 7000-Series are 24 AWG 100 mils pitched (2.54 mm), not 28 AWG 50 
mils like the most common crimpable type. As connectors, common AMP Modu 2 can be used. 
Suitable cables are common also in the Arduino world. 


In ®, the plug-in connectors numbering. 


EXD-LEAD 

MULT -FIM 

CONNECTOR 
EX 


END-LEAD 
MILL TH-PLM 
CONNECTOR 


8 = GREY 


9 = WHITE LIL TL 


“=< CONNECTOR 
INIDEX 
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Klapsed time 


Iam going to describe something that, in my long professional life, never heard before: the 
chemical work-hours counter. Their correct name is “analog Elapsed Time Indicators” (ETIs) and 
they use an electro-chemical plating process to integrate current over time. They are produced by 
Curtis. In the large photo, the 7704 Low Voltage board with a Curtis Indachron on board. 


Curtis ETI are used to measure use time/counts for preventive maintenance scheduling, warranty 
witness and MTBF measurement on medical and scientific lamps, power supplies and 
telecommunication equipment. These devices can also be used to integrate current for solar cells 
and portable, battery- powered equipment. Curtis hour meters were used by NASA in the Apollo 
project to monitor all major electronic systems. More than 40 Curtis hour meters were installed in 
the space vehicles and over 20 are still on the moon today, left behind on the moon with the descent 
module. 


How do they work 


The integral is achieved by passing current through a precision-bore glass capillary tube. The glass 
tube is filled with two columns of mercury, which are separated by an electrolyte gap. 


Application of current causes 


DIRECTION OF h 
ELECTROLYTE GAP — GAP MOVEMENT the mercury at the anode to 


be electrochemically 
GLASS TUBE BARRIER transferred across the gap to 


7 | : the cathode at a rate which is 
_ proportional to the current. 
- CATHODE . } + ANODE 
, 


; Thus the gap moves along 
ff = ° 
\ ae 5 OW OF the capillary tube and . 
-MERCURY~ WERCURY CURRENT MeZRQCSRR ele iteltcereteys 


of the current/time integral. 
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In this subsection you will find notes on mainframe checking and reparation. 
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Repairing the 7608 


and other 74/76x5s 


The 7603 is not a too complex equipment, and can be repaired with limited means. It is however 
“intricate”, for the large numbers of interconnecting cables. Furthermore, a small mistake in 
inserting just one connector can lead to a relevant destruction of transistors and ICs. 


If today we can preserve these wonderful instruments, we owe it to Tektronix (and TekWiki), which 
left us a documentation that little equipment, even more modern, has (for example, I own a Lecroy 
9361 oscilloscope that felt to the ground and that I cannot repair 

for having no documentation). Nevertheless, for some 
operation, the original Tektronix documentation is rather 
basic. 


For these reasons, and after some small catastrophes, I 
decided to add here some information about the 7603 repair 
and internal wiring, with schemes and photos, hoping to be 
useful to others who are going to disassemble this wonderful 
piece of equipment. Almost all of it can be applied also to 
other similar scopes, like 7613, 7623, 7633 and perhaps also 
to 7403. 


I checked this stuff more and more times, to avoid the 
responsibility of possible problems, so I trust I have not 
made too many mistakes. Should you discover any, 
please write me so that I can correct them. 


7000-Series restoration/mainframes - Repairing the 76x3 


A separate document, that you can freely download 
from here, describes with more details the 76x3 power 
supply reparation. 
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Tektronix 603 


Overall 
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Mains AC wiring 


Dismounting the 7603 power supply, requires some wire desoldering. A 
connector would be desirable, but perhaps costs had been considered. 


Once you have disconnected the mains cable and the switch cable, you 
can power directly the transformer @230V soldering the cable between 
pins 1 and 4 of the transformer. 


© This is the arrival of the mains a.c. wires. The yellow/green is the earth conductor. Note the red 
jumper, used to select the 250V mains a.c. instead of 115. It can be inserted in three positions (LOW, 
MEDIUM, HIGH). In Europe, where the mains voltage has been increased from 220 to 2d0V, the best 
position is the “HIGH”. 


© Here you can see the connections of the main ON/OFF switch. A conductor passes thru a thermal 
switch, the last protection in case of overheating. Note the brown jumper, to be used to replace the 
red on, if you want to use 115V mains instead of 230V. It is just parked there. 


© The thermal switch, used to protect the equipment. It must be screwed to the bottom Aluminum 
plate. 
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76035 power 
connectors 


© The power-related connectors 


"Lag 


To P901 


on low voltage | |» 


located on the right side (viewing from 


the front) of the interface board 
rectifier boards. Note the free pin on 


@ © These are the connectors on the 
P870. 


To P900 
on low voltage hn 


© The Low Voltage board. Be careful 


that P962 leaves 2 free pins, as shown 


in the detail. 
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7605 other power 
connections 


Note that P1171 is the power delivery point from the Low Voltage board to the equipment, so it is a good 
point to measure the various voltages; but I prefer checking them on P670, because there their name/ 
value are written on the PCB, as shown in the detail (P670 is linked directly to P1171 via P1170, red 
dotted line in the photo). 


] at 
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In the photo below, the calibrator board, that can be set to produce a rectangular wave or a continuous 
voltage, selectable using a jumper. Note the diode array on the readout board, perhaps added later, 
that protect the lines from the plug-ins to the readout board. One of them, killed by a stupid mistake of 
mine, saved valuable ICs. 
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76035 back panel connections 


of 


= 


5 To J601-J605 \ 
Q | on signals output , 


© Four signal wires come out from the rectifier module. 
They lead to the back BNC connectors or to the signals 
output board. They all must pass thru the rectifier module 
on the right side (viewing from the front). They are not 
required to operate the scope, so, during a fault 
investigation, can be left disconnected. A fifth connector 
(P998) is used to carry the power to the signals output 
board and has been already described on the previous page. 


© WIRE #1, BROWN CONNECTOR: one of the wires coming 
out from the right side of the rectifier module goes to 
connector P11 on the left side of the interface board (the 
one that carries the connectors to the plug-ins). 


© WIRE #2, BROWN CONNECTOR: goes on the interface 
board, on the lower right side. 


© WIRE #3, WHITE CONNECTOR: to remove or reinsert 
this connector, remove the plug-ins and operate from the 
front of the oscilloscope. 


@ WIRE #3, WHITE CONNECTOR: to remove or reinsert 
this connector, remove the plug-ins and operate from the 
front of the oscilloscope. 


© WIRE #4, GREEN CONNECTOR: this also is not easy to 
handle: it is located on the upper part of interface board, 
toward the center of the instrument. 


@ This arrangement connects only the required wires for 
the power supply, without the links toward the back panel, 
and makes easier the fault location. 
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Technical note 


Repairing 603 
power supply 


Here we report some note on repairs of the 7603 power supply 
section (and similar). A more detailed note can be downloaded 
from here. 

Caution: Flat cables were novelties at that time and connectors 
were not yet polarized/driven. Be very prudent and always check 
them twice before repowering. All the transistors and the ICs are 
mounted on almost invisible sockets. Be careful. 

The circuit. In the 1969 7904, as we noted, the power supply is 
partially of the switching type. In 1972 7603, Tek returned to more 
conventional fully-dissipative design. The power supply section is 
composed by two modules: A1o, rectifier board, mounted on the 
transformer assembly, and A11, low voltage regulator board. Both 
of them are rather conventional, but the circuit is complicated by 
the necessity to create 6 voltages: +50V, -50V, +15V, -15V, +4¥, 
+130V. All of them are mutually dependent and that make things 
more complex when repairs are needed. 

Sense feedback. Like any stabilized power supply, this etreisif 
operates as a closed loop, to adjust the output voltage as a 
function of the load changes. Here we have a difference: instead 
of reading the voltage at the output of the regulator circuit, te 
have separated wires to read it at destination, 
compensating the voltage drop on the main supply 

wire. Note however that this kind of approach is used 
only toward the main interface board, perhaps to 
compensate the differences in the plug-ins absorption, 
whilst the largest part of the internal circuits doesn’t use 
this feature. All the voltages have also an overload 
protection, except +130 which uses a fuse. Note that this 
voltage is generated adding 80V from the transformer to 
the +50V voltage. 

Measuring the currents. The resistors designed to be 
part of the overload protection can also be used as a simple 
mean to measure the current of each voltage. Just measuré 
the voltage across them. For +15, -15 and +5V, divide the recat 
value by ten (e.g., if you read 1V, the current is 100mA). 


The picture on right helps you in that: you can see the resistors 
where measure the current and the points for the voltages. 

First power-on approach. In the case of an old scope that you 
try to power-up for the first time, different strategies are possible. 
In the referred note I suggest a possible one. 

Mainframe wiring. It is not easy to understand the cables and 
connectors that go almost everywhere. The drawing on next pages 
can help you. In general, you have a branch to the main interface 
board, a branch to the amplifiers (H, V and Z), and a branch to the 
calibrator and the readout board. The high voltage (HV) board is 
powered by the unregulated +15V, directly from the rectifier 
board, thru the Z-axis amplifier. 
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Repairs. If one or more voltages are wrong, I suggest you stop and 
check the transformer module. It is highly probable that one or 
more electrolytic filter capacitors are no longer good. The value of 
the big electrolytic capacitors should be about the nominal one or 
greater. You can also check the voltage on the filter with the 
oscilloscope. If it is pulsating instead of pure DC, capacitors must be 
replaced. 

Replacing filter capacitors. Don’t try to unsolder them, it’s 
wasted time. They are big and heavy, and, even if you have a solder 
large enough, it’s likely you will damage the PCB. I found the best 
way is sawing them away with a common “multifunction tool”, is a 
motor that makes a blade saw to oscillate at high speed. 

Once you cut them, you must clean up the PCB, removing the old 
terminals. Note that these capacitors have more common pins, 
connected together. So, when you replace them with modern types 
that have only two terminals, you must reconnect the PCB pads 
together. I use a thick silver plated wire to do that. New capacitors 
are easy to find and are normally much smaller than the original 
ones, so there are no problems in fitting them. At the end of the 
soldering work, clean the PCB with a specific product. 

Repairing the LV board. Repairing the LV board, we have 
powerful allies: the sockets. What Iam suggesting you is the 
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inglorious way: just check any transistor with the VOM, without 
puzzling too much. It seems slow but could be time saving instead 
you prefer the true man way, you can remount the transformer a. 
try to debug the circuit in the classic way. Considered the 
interdependencies that make very difficult the analysis, I prefer th. 
coward approach of checking first every semiconductor. By the 
way: I have found also faults caused by open resistors, not only by 
transistors. 

Note also that there are two kind of possible problems: a) the LV 
board is fault and is not able to supply the correct voltage. You can 
only fix it. b) the LV board is OK, but the load is excessive. In this 
case, it’s useful to perform the current measurement that we 
discussed before. Check the voltage across the overload resistors. I 
have no limit value to give you, but it is rather easy to see if a 
voltage is in the overloaded state. In that case, you have to find out 
elsewhere the bad guy and not to repair the LV. 

Testing the transistors with the VOM. It is very easy, search on the 
net, you will find lot of videos and tutorials. 

Final tuning. Adjust R881 on the LV board to set -50V at its exact 
value. All the other voltages should stay in their nominal value 
+0,1V. 
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. Here I suggest you a little facelifting for our old friends: replacing the lamps with modern LEDs. I 
l am normally a maniac of absolute originality, but the effect of this modification is so nice that I 
made an exception. 
The idea is not from me but from a Youtube video by Zenwizard Studios. I just add some bits of 


modification oe 


I used high-efficiency 5 mm white LEDs that I bought on Internet. Today LEDs are absolutely 
fantastic. These are rated for 50 mA, but they seem to go much further, even if probably with a 
shorter life. In theory, you should add a resistor for each of them. The author of the idea used no 
resistors at all, but I found prudent to add at least a 39 Ohm, ¥ W resistor in series to them all, also 
because it is useless to use too much light. 


Mechanically, I used a drill with 1 mm tip to remove the internal original spring and used the 
existing hole for the positive terminal of the LED (the longer one). The other lead can pass between 
the existing slots and be soldered with a drop of tin. I kept the top of the LED at 18 mm from the 
plate. It seems that the LED light perfectly matches with the CRT graticule and, 


—. >=. as you can see from the photo on the left, the effect is delightful 
) = — (especially with the blue CRT filter). 


Here above, the modified lamp holder, that can be taken out from the 
76038, just removing two screws. The modification takes away many 
years from the 7603 look, and can be probably applied also to other os- 
cilloscopes of the 7000-Series. 
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The four bay oscilloscopes, such as 7704 or 7904, provide the +5V for the button lightning, and so 3 ~~ 
the beautiful effect previously shown. But the 7603 and similar scopes (7613, 7623, 7633 etc.) were a 
perhaps the sons of a cost reduction process, so that supply was removed. To add it back is however a 
easy; you need only a 3-terminal regulator (e.g. the 7805) and a metal bracket, as shown in this _ 


photo, with a cable porting this +5V supply to the P1o connector on the interface board. 


Note anyhow that also the plug-ins that were designed mainly for this equipment have no lights: the <a a a 
7A18 and 7426 simply have no pushbuttons to enlighten. The 7853A has the pushbuttons but... not “ ae 
the lamps inside. So, the work is convenient only if you have other plug-ins. ah 


? 605 vertical amplifier 
secrets 


Removing the vertical amplifier from the mainframe is straightforward: remove the single flat cable 
that links it to the other board an the three coaxial connectors (if your 7406 has no readout system, they 
are only two). Before pulling the board away, very carefully detach the two micro-plugs © that connect 
the amplifier to the CRT deflection plates (use pliers). 


Now that you have the board assembly in your hands, the point is: after removed the single screw, how 
to separate the PCB from the Aluminum support without a blowtorch? Easy when you know the trick. 
Simply loosen the aluminum cylinder A in photo @, and, voila, you can easily separate the PCB. That is 
due to the genial Tektronix hybrid IC 155-0080-o00 that embodies a screw, designed to dissipate the heat 
(photos ® and ®). If you removed the IC from its invisible socket, pay attention to the position mark 
(red arrow in ®). Don’ forget to reset the spring (red arrow in photo @). 


Having removed the board, is a good opportunity to replace the 1uF Tantalum capacitors. 
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% 8xx/'79xx vertical amplifiers’ secrets 


Good to know 


In the photo ® on the right you can see a 
typical Tektronix vertical amplifier (of 
the 7844 in this case, but others are Ul 745 
similar). ‘i OUTPUT AMPL 
There are some things that you should | > eee 2 
know before trying to remove these 7 

boards, things that are rather difficult to 

deduce from the manual, and that 

required some effort and help from ) 
friends on the net. 
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Distributed plates 


Do you remember the “distributed plates” 
that we introduced describing the 7904? 
Now let's take a closer look to what is 
used to allow them to practically operate. 


jae 
pau 


The schematic 


7000-Series restoration/mainframes - 78/79 vertical amplifiers 


The diagram @ on the right shows the 
parts that we are going to analyze. U1745 
is the vertical output (final) amplifier, a 
Tektronix custom IC that include some 
surprises, as we will see. Than we have 
the elusive A14 board, that is a pure 
interconnection, and the thick film CRT 
termination. All together, they ensure 
that the signal in the plates run with the 
same velocity as the electrons in the tube. 
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The surprise 
The surprise in the output amplifier (U1745 in this example) is that it is directly interconnected to the 
elusive A14, having two pins longer than the others. The photo ® below shows the B-side of the vertical 
amplifier. The first evident thing is the trace of a hard battle. Reaching 400-500MHz, probably, had 
been not a very easy task, if they decided to hand mount so many components, directly where the were 
needed. The photo, however, does not show clearly the promised surprise. You must look at photo @ and 
@ for seeing the protruding pins of U1745. They match exactly with the board A14, that we defined 
elusive, because a drawing of it is absent from the manual. These two pins pass thru A14 and go to CRT 
as shown in @ (see also the schematic on previous page), and, trough the CRT, to the terminator @. 


Remounting 


Dismounting the vertical amplifier is not difficult and almost like any other board. But replacing it 
requires some caution. You have to extract the output amplifier IC from its socket and carefully clean it 
and the underlying board from the residuals of the thermal paste. Then place the board in its place and 
check that the two pins from A14 board are properly centered (white circles in ®). At this point, you can 
carefully spread a small amount of thermal conductive paste under the IC and over the board, and reset 
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Repairing CRT 
circuits 


Differently from today’s equipment, in which the display is just a secondary component that we 
can easily change as we like, sometimes also in real time, the focal component of our beloved 
oscilloscopes is the Cathode Ray Tube (CRT), and I find very interesting its inner operation. 


Tf you also like to understand how does it work, I suggest reading the Tektronix book “Cathode-ray 
tubes” by Chuck DeVere and Bob Orwiler that you can download from TekWiki (http://TekWiki 
3https://w140.com/tekwiki/wiki/Concepts_Series). 


Required CRT electrodes potentials 


From that book we can learn a lot, but for what we are going to see now, the diagram @ is the 
most important. It tells us that: 

¢ the cathode is the reference potential; 

¢ the grid must be kept somewhat more negative; 

¢ the anode must stay much more positive. 


In an oscilloscope like the 7844 that we will take as a case study, the cathode is held at 2,960 V 
(nominal), so the grid will stay some tenth volts below. But how to connect to it the Z-axis 
amplifier, that has an output of about 0-65V, without bursting that all? 


The inverter 


All the high voltages (and also low voltages in 7904, 7844, 7954 etc.) are generated by mean of an 
inverter, i.e. a DC powered oscillator at about 25 kHz, that drives a transformer. On one of the 


secondary windings of this transformer, a square wave of about 1,5 kVpp is present. 


Translating dc voltages by mean of AC 


The principle that stays behind the voltage translations is very simple: instead of translating DC 
voltages, we generate new DC voltages starting from the same HV AC (square wave from the 
transformer). 


ANODE 
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(2) The clamper 
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The clamper 


This translation is performed using, among 

others, a clamper, an electronic circuit that... 
...that fixes either the positive or the negative peak 
excursions of a signal to a defined voltage by adding 
a variable positive or negative DC voltage to it. The 
clamper does not restrict the peak-to-peak excursion 
of the signal (clipping); it moves the whole signal up 
or down so as to place its peaks at the reference 
level (from Wikipedia). 


The clamper circuit is extremely simple, and 
requires just a diode and a capacitor: in figure 
@ you can see the negative version of it. The 
output voltage is Vout-pp = 2 x Vin-pp + Vbias, 
so the clamper is also a voltage doubler. 


A real case 


Let’s look now at the 7844 schematic diagram 
(pages forward); I believe it is not so different 
respect to other Tektronix scopes, and let’s 
consider the way in which the Z-axis amplifier is 
connected to the CRT control grid (like in a 
normal tube, the control grid allows to open or 
close the electrons’ flux and thus to intensify or 
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nullify the trace brightness on the screen). As we said, a direct connection is not possible. The 
solution is very simple: we use the clamper, with the cathode voltage as bias. 


Coupling the Z-axis to the clamper 


You could think that the Z-axis amplifier signal is used directly as V(in) to the clamper, but it is not 
so. The input to the clamper is again a 25 kHz square wave (from the same transformer) with the 
amplitude controlled by the Z-axis signal. In reality, the amplitude of this square wave is 
controlled also by the setting of the GRID BIAS trimmer. 


The clipper 


That all happens with the help of a circuit called clipper, very similar to the clamper but with the 
capacitor replaced by a resistor and a different effect; paraphrasing Wikipedia, we could say: 


The clipper restrict the peak-to-peak excursion of the signal; it does not move the whole signal up or down as 
the clamper do. 


The DC restorer 


We have here (see @) two clippers that work together, restricting the amplitude of the square 
wave: 
¢ the top clipper (diode CR2322 in the schematic) clips the top of the square wave to the voltage 
set by the GRID BIAS trimmer; 
¢ the bottom clipper (diode CR2323) clips the bottom of the square wave to the output voltage of 
the Z-axis amplifier. 


This clipped square wave can be routed to the clamper that, as we already saw, add the -2,960 V 
bias. But the output of the clamper is again a square wave, so a diode CR (CR2324) and a 
capacitor C (C2323) must be added before eventually reach the grid. 


Ina short, we could say that the effect of the Z-axis amplifier and the GRID BIAS trimmer is to 
supply to the two clippers the correct bias, and that the two clippers together produce the signal to 
be “bias-ed” before reaching the grid. 


All that above is called DC restorer. 
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The clipper 


-2,960V 


Control grid DC restorer 
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Putting things together 


Now that we have the bricks (the DC restorers) we can try to understand the whole wall. With 
reference to the @ diagram on the right, you can see that: 
¢ both the DC restorers have a fixed point input (GRID BIAS and FOCUS control). The focus DC 
restorer is very similar to the control grid one, see @); 
¢ the INTENSITY control works indirectly thru the logic board that commands the Z-axis amplifier 
to produce a dark trace with a zero voltage or a certain level of brightness (65 V is the 
maximum). During the retrace time, obviously the level is always zero, so the signal is normally 
a rectangular wave light/dark. To be clearer, the INTENSITY control does not go directly to the 
CRT circuit but the intensity information is embedded in the Z-axis amplifier signal; 
¢ the INTENSITY control if fed however to the autofocus amplifier, that must match the focus with 
se current intensity setting. Some trimmers allow the proper adjustment. 


As you can see, things are less complicated than they seems, at least in theory. 


Why the 7844? 


Why did I choose the 7844 for example? Be- 
cause all my interest in the CRT circuits 
sprung from the wish to fix my 7844 that has 
a strange phenomenon: the trace is good and 
well defined, but, increasing the INTENSITY, 
at a certain point it does not get brighter but 
loses the focus. That is not properly the effect 
of a “gassy CRT”, that should show two inten- 
sity peaks. 


I dedicated a lot of time to this problem, with- 
out getting out of it. I checked all the voltages, 
finding them very similar to my 7904, that has 
almost the same circuits, but a brilliant inten- 
sity of the trace (see later for the voltages, 
they could be useful also for you) . The last 
beach is to replace the CRT; perhaps I found 
one and will keep you informed in the next edi- 


To CRT 
CR focus grid 
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-2,960V 


tions. . | Auto-focus Focus DC restorer 
In the photo, on top beam I raised the intensity L = | L = E amplifier 

to show you the problem. The two beams be- 

have similarly. 
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estorer example 


In this page I tried to maker a patchwork of the Tektronix 7844 oscilloscope schematic diagram to 
make the DC restorer more understandable. Note that the 7844 has two beams, we took as example the 
beam number 2. Here you can see the transformer referred in the text (T1310), the GRID BIAS trimmer 
(R2080), the arrival of Z-axis signal (in the red box), the lower part of the CRT (on the right), and the - 
2960V source. The neon lamps are used as protection for the diodes. 
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Our oscilloscopes uses some very high voltages (HV) to 
hurry-up the electrons and force them to do what they 
would never do for us. 


Probably all the oscilloscopes that we describe 

here use two kind of HV: 

¢ cathode, grid and anode potential: in 

the range between -2kV and -3kV; 

¢ post-deflection acceleration 
(PDA): this is more variable, and 
goes from +5 to +21 kV. 


et 


Note: as correct, Tektronix catalogs report the 

PDA value that the electrons see, i.e. referred to 
the cathode, while the above figures are those re- 

ported in the manuals, and so referred to ground. 
So, for example, the 7904 uses a +21 kV potential 
in the front part of the CRT, but electrons starts 
_—.. from the cathode, that stays at -3 kV. The accelera- 
fo tion value is thus from -3 to +21 = 24 kV. 
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= How to check these high and 
<"s dangerous voltages? I avoid to 
' ‘ warn you with the usual 
ri “cautions”, just because I believe that 
most of the guys interested in old 
Tektronix oscilloscopes are not boys, and 
survived to a life in electronics. So, I just 
report some specific information that I 
could put together, as always also with the 
help of friends on the net. 


) 


i The first Truth I built for me is that is better to 
resist the temptation of home building an HV 
probe, also if it is just an electrode connected to 


a voltage divider. Experience is also to know our own limits, and honestly I had not so much 
experience with HV. You could buy some suitable-voltage resistors and put them together, but you 
need also to build an handle, the cables etc. All that requires knowledge. 


I discovered also that the commercial probes are more expensive than I thought. Those from famous 
brands cost 800-1.000€. Eventually, I bought one that you can see in these pages on eBay from 
HighVoltageShop that appeared to be however expensive (79€). When arrived, I changed my mind. It 
is really well built and inspires a high quality level. It is bigger than I expected, but it can also 
withstand 40 kV, so it allows also to check the PDA. It resistance is 1,000 MOhm; avoid 100 MOhm 
probes (or less), that charges too much the circuit and don’t disconnect the CRT for the test. 


But how to check the PDA voltage? You can see in the photos how could I do it, with a very thin 

copper wire from the pipe connection. I put two plexiglass plates under it, to be sure that it could not 
move. When the probe get near the pick-up point, you hear a the typical and rather scaring hiss, but 
the reading is very stable. Remember also to keep clean the probe and clean it with Isopropyl before 


use. 
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CRT voltages 


I appreciate very much Tektronix documentation. It is only thanks to it (and TekWiki that made it 
available for us) that we can continue to keep alive our toys. But not all the information the we 
may need is present in them. For example, going around the CRT circuits to fix the 7844, I wish I 
had the voltages on the CRT socket. So, I tried to compare them with that that I read from my 
7904, whose circuits are very similar. I prepared the following table that could be useful also for 
you, if you must deal with the CRT. All the values are in volt. 


7844-1 Swing 7844-2 Swing 
Output from Z-axis ampli 0-65 0-65 
Output from autofocus ampli 125-635 
Cathode -2993 
Control grid top (max -2974 
¢ ) 64 63 
Control grid bottom (dark) -3010 
Focus grid top (max -2018 
g p (max) Ba a6 
Focus grid bottom (dark) -1964 
anomie 
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Thew HV probe that I purchased to check my oscilloscopes. 
It is rather big (40 cm) but very well built. It is rated up to 
40 kV and has an input impedance of 1000 Mohm, with an 
attenuation ratio of 1000:1. It is so good also to check the 
PDA voltage, that in 7844, 7854, 7904 etc. is 21 kV. 


Initially, I become mad trying to get the CRT voltages in the right points of the CRT PCB, but then I 
discovered that the big red cap, that you can see in photo @ in the previous page, can be removed, 
even if not easily. In R7844 (note the “R”), that makes very easy accessing the CRT socket, simply 
removing the output signals back panel. 


Removing the CRT socket was useful, not only to remove its red cap, but also to discover that some 
of the wires were near to break, so I resoldered them. 


© The CRT socket assembly. @ The socket detail, enlarged to see pin numbers. © The CRT socket after removing the red cap. 
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7854 fixing the ROMs 


If you became the proud owner of a 7854, and you cannot use it supposedly for the ROM rot problem, 
any fix is too slow, and so it was for me. So, I chose the solution based mostly on the possibility to set it 
up ina short time. I tell you what I could do in 5 working days. 


The VintageTEK #1 modification 
The modification that I am going to describe is that formerly proposed by the VintageTEK museum 
(today they are offering a wonderful replacement board that make things much easier). I just add few 
tips. Its aim is to replace the four 7854 original Mostek ROMs with two 27128 (or 27256 as we will 
see) EPROM memories. 
The reasons to chose this solution are the following: 
¢ there are only two types of EPROMS pin to pin compatible with the original ROMs: MCM68764 
and MCM68766. They require a suitable programmer that I had not readily available. 
¢ initially, I was going to use four x 2764, each with an adapter, but that is impossible: the adapters 
are 28 pin long, while in the 7854 ROM board there is room just for 24 pins. 


The theory 
A 27128 (128k bytes) allows to store internally the equivalent of two 64k bytes Mostek ROM. 


The ROM sockets on the ROM board are addressed as follows: 
¢ U100 and U110: selected when A14 address line is low; 
¢ U200 and U210: selected when A14 address line is high. 


This is the original situation: 


Al4 Socket Byte Image file 

LOW U100 MSB 160-0408-XX 
LOW U110 LSB 160-0409-XX 
HIGH U200 MSB 160-0410-XX 
HIGH U210 LSB 160-0411-XX 


This is what we want to implement (note that using a 16-bit bus, the address line Ao is not used; 
every even address has a LSB and a MSB bytes - the EPROM address lines are so scaled by 1): 


EPROM | Al4 | Socket | Byte Image file | *#4ress05 seen from spate en 
#1 LOW 100 msB | 160-0408XX | 0x0000-0x3FFE | 0x0000-Ox1FFF 
#1 HIGH | Ug00 MSB | 160-0410-XX | 0x4000-0x7FFE | 0x2000-0x3FFF 
#2 LOW U110 LSB | 160-0409-Xx | 0x0000-0x3FFE | 0x0000-0x1FFF 
#2 HIGH | Ugl0 LSB | 160-0411-Xx | 0x4000-0x7FFE | 0x2000-0x8FFF 
The new EPROM will have: 


¢ pin 20 (/E) strapped to ground; pin 22 (/G) is enough; 


¢ pin 22 (/G) obtained by adding an unused inverter as shown in the diagram below; 
¢ pin 26 (A13) connected to the board A14, used to select the low part of the EPROM (ex U100, 


U109) or the high (ex U200, U219). 
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The practice 

For what I could understand, the PLA allows to add a revision level. For example, in my 7854 I 
have the ROMs ed. -oo and the PLA -o1 (but for what I read, the -0o1 ROM version was not 
different from -oo, it was only a change in the supplier). On TekWiki there are three PLA 
version: -OO. -O1 and -02. 


I ordered the adapters from Retro Innovations and they very kindly shipped them immediately. But I 
didn’t want to wait weeks for the postal service, so I designed a new adapter and ordered it by 
PCBway, which delivered 10 of them exactly in 5 days, with about 30€ including shipment. 


My adapter is shown on the page on the right, together with its schematic, and maybe is very similar 
to the other one from Retro innovation, perhaps with the following differences: 

¢ it already leaves free the pin 20 from the ROM board; 

¢ it allows to use and take advantage of 27256 (see below); 


You could think that, if you upgrade the ROMs you could stay without the 2716s, but is seems 
not so. Maybe that some code is always read from the FLASH, or that a checksum is performed 
to see if the chips are installed. I could fix the ROM, as above explained, and so I am not going 
for experiments. 


The adapters must be inserted on the U200, U210 sockets, aligned on the bottom (opposite to pin 1). © The adapter layout; @ The adapter schematic diagram. 


The Gerber files for the ROM adapter are available free on the this book’s web page, where you find 
also the binary images for the FLASHs (version -oo), ready to be flashed (load them at oxoooo if 
27128 or Ox4000 if 27256) with no modification to the adapter. 


Note: you cannot use the normal pin strips to insert the adapter into the socket, because the room is 
scarce and you could interfere with the GPIB board. You have to apply the pins so that the adapter 
arrives to contact with the socket. I used 8.5 mm pins, soldering them in position with the aid of a 
socket similar to those used on the ROM board. In next pages you find all the details. 


The images 


o oO 


You can find all the memory images on TekWiki. Personally, I am for the policy of small steps, so I 
suggest not trying an update to a later version, at least at the beginning, but use exactly the same 
image as you already have, as you can read from the chips (the “-oo”, for example). 
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The PLA 


To understand the PLA, we need to go back to the first ROMs. They were very risky for the 
manufacturer. You had to produce a very high minimum quantity, and, if there was a mistake in the 
software, you had to throw all them away. To limit the damage, Tektronix invented this PLA 
mechanism, that I had not ever seen before. The PLA (Programmable Logic Array) is a logic circuit 
that, instead of being composed by discrete ICs, can be programmed via suitable development tools 
and programmers. The PLA monitors the address bus, and, when encounter a certain preset address, 
it activate two spare 2716 EPROMs U4oo and U410 instead of the ROMs. In the area of the 2716 
selected in this way, there was normally a JMP or little more, referring to other code in the 2716s 
themselves. 
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cat 160-0408-00.bin > 27128MSB.bin 
cat 160-0410-00.bin >> 27128MSB.bin 


cat 160-0409-00.bin > 27128LSB.bin 
cat 160-0411-00.bin >> 27128LSB.bin 


Now you have the two files for the programmer. The LSB EPROM will be put, by mean of the 
adapter, in the U210 socket, the MSB in the U200 socket. The two MSB and LSB files are 
downloadable from my web page, ready to be flashed (version -0o). 


Using the 27256 


The adapter allows to use, instead of the 16k byte 27128, a 32k byte 27256 as well, in the following 
ways: 
¢ just load the 27128 image at ox4000 instead of OxO0O; 
¢ use the 27256 double capacity to store two different images, e.g. version -0o and -02, if you like 
to experiment, one at oxoooo and another ox4000. 


In the latter case, you can cut the trace between pins 28 (+5V) an 27 (A14) of the 28 pin and 
connect pin 27 to GND. When pin 27 is at GND, the image at oxoooo is active, when it is at +5V, 
the image at 0x4000 is active. 


Checkpoints 


The table on the right gives you some checkpoints to be sure you have the right file loaded (-o0): 
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Acknowledgments 


Most of the above information comes from VintageTEK museum ( https://vintagetek.org/7854- 
mostek-mkb36000-rom-repairs/) and Modular Synthesis (https://modularsynthesis.com/elec_ 
repairs/repairs.htm). I just added some explanations. 


Preparing the files for the programmer EPROM From image file 27128 27256 Byte Content 

The ROM image files are exactly 8,192 bytes long (oxooo00 - Ox1FFF). Each 27128 is one byte wide and MSB 160-0408-XX 0x0000 0x4000 MSB OxDB, 0x04, OxDC... 
contains all the LSB (or MSB) bytes for total 8,192 x 2 = 16,384 memory positions. So, to prepare the 160-0410-XX 0x8000 0x6000 MSB OxCO, OxDA, 0x16... 
images for the EPROM programmer we need to concatenate two files (both LSB or both MSB). To do LSB 160-0409-XX 0x0000 0x4000 LSB 0x00, OxEs, 0x70... 

that you can use the Linux or Mac terminal, as follows (this example is with -oo version files): 160-0411-XX 0x2000 0x6000 LSB 0x20, 0xAO, OxAl... (Oa 


© Start preparing a breadboard with a 
socket similar to that you have on the 7854 
ROM board. It will be used to help the 
adapter construction. 


© Use a vice to be sure that you inserted 
the pins all the way in. It is very important 
because we have not one tenth of a millime- 
ter to waste. 


© Lower the small PCB to arrive in arts 
with the socket. Be sure it didn’t remain 
raised. 


© Solder the pins from the upper side. Don’t 
use too solder, or it will drip on the pins be- 
low, but be sure you soldered well all of 
them. 


@ As we said, we have no room to asia: So 
carefully file any protrusion before solder- 
ing the EPROM socket. 


© If you turn the PCB, you can admire your 
work. The pins will be straight and well 
aligned. 


© Here you can see the completed adapter 
wafer. Note that every level is in touch with 
the adjacent. Wash the solders with a suit- 
able spray product. 


© Cut the residual pins on the top side. Cut 
them very low to save space. 


© The completed adapter with its EPROM 
on top. You have now only to solder the Al4 
and /G wires to the underlying pads and in- 
sert it in the ROM board. 


The retrofit step by step” 
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The modified ROM board. See the previous schematic diagram for wiring. There is no track to be cut, only wires to add. Don’t forget to move the ST/CL 
jumper. The four 24-pin sockets will remain empty. Reinsert the board in the rack together with the adjacent GPIB interface. Note: for testing you don’t 
need the GPIB interface, the scope starts even without it. 
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Here few notes about plug-ins restoration. Other information is given in the related description 
chapters. 
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Eventually, I think I explained it. The “different” 7B53 is 


® ; 

Pl — l I | I l coming from my 7623A, that, according to my 

reconstruction, spent some decades under a protective cover. 
: ; So, I checked also the 7A18, coming from the same 

The plug-in panels are generally rather easy to dismount, once you have removed all the knobs (they oscilloscope, and I got the confirmation: also the 7A18 has a 

are simply “snapped” on the body). They are incredibly resistant, and I could even clean them with far better green in the TRIGGER SOURCE zone (see below). 

nitro-diluent without any vanishing of the writings, and, if they are not scratched, can return as new. 

But few days ago I noted a things that I could not explain. One of my 7B53A had better colors than the Here on the #idht in the.dlfels, another mystery: the yunished writings of ¢7BOSA, Al 


others (see the green in the photo below). Why? A change in the production? It seemed rather strange, the panel has the same uniform effect, so it was not a liquid or something like that. 


heccuse Lori anorher 7B5 3A with almost the same serial number Even beneath the transparent crown of the knob, writings are discolored. I was not able 
J to find an explanation. 


Conclusion: the light contributes to aging... 
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Repairing 7A1<é 
attenuator 


The 7A13 is a wonderful plug-in, and, when you own it, 
you find many ways to exploit it, thanks its differential 
input and the Vc internal reference. The 7813 has 
however its Achille’s heel in the many relays that it uses. 
This book can help you in fixing them, we had more 
opportunities to talk about this topic. As a recap, here an 
example of a possible reparation. 


In most cases, the rest contacts operate well, while the 
contacts active when the coil is energized give more 
troubles. 


You will note two type of symptoms: 

¢ incoherent behavior of the time/div knob; 

* wrong waveform displayed in positions >50mV/div 
(more CCW knob). 

In the former case, the fault is likely in the K47/K40 
relays, which produce the 1-2-5 amplification factor 


sequence. In the latter, we will investigate K7/K6, attenuators, see the picture @ on the left. We are not lucky, K7 is under the switch, but it is not difficult 
K27/26, those of the input attenuator. to dismount it: just remove the cylinders/nuts and pull (photo @). 

Thad a problem in the passage from 50mV to 0.1V. If Use pliers to extract the unhealthy relay Gust pull it), and use the technique described in the 

you refer to the table in 7A13’s circuit description (in the Restoration / techniques section “Relays reparation”, exercising it for one or two hours at 5-10 Hz. In 
Plug-ins section), you can easily understand which relay my case a couple of contacts “woke up” after one minute. It is not bad adding some charge to increase 
is tricking you: in the passage from 0.1V to 50mV the the current on the contacts (e.g 200 mA). The result was good and the relay is again working correctly 
suspected are K7/K6. The problem is in +INPUT, so we (how long, could be the question). 


can concentrate on K7. . : a ; , 
e Reinserting the relay in its socket is not very comfortable: very carefully try and try, until you find the 


The manual helps indicating the relays position. For the correct position and then press it in its seat. Normally I can do it in less than one minute. 
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In this photo: the 7A18 attenuators are very similar, if not identical, to other plug-in amplifiers. The one 
above has the aluminum screen removed, to show the four blocks inside (2X, 4X, 10X and 100X). They 
can be easily removed just pulling. In this way you can also clean the underlying switch contacts. 
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7A18 attenuators 
calibration 


The attenuator calibration is required so that a rectangular wave is displayed on the screen as... a 
rectangular wave, without deformations, such as overshoots (photo © below) or dampings (photo @ 
below). 


To do that, you mainly need a good signal generator, providing a 1kHz rectangular wave, and a 
tuning plastic screwdriver. Tektronix recommend a series of instruments and adapters but for me is 
enough the signal generator, with 50 ohm output impedance and a 50 ohm terminator on the 
oscilloscope side. 


I state that the procedure that Iam going to describe is not entirely my own work, I found it on 
EEVBlog and elsewhere on the Internet, and I took the liberty of reformulating it with some small 
changes, after having tested it, even to adapt to 7A18 that, for its simplicity, I will take it as an 
example. Most of this information is good also for other vertical amplifiers. 
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Attenuator description 


The attenuator is composed by 4 cascaded attenuator blocks: X100, X10, X4 and X2. Each block is a 
separate, pre-built, socket-mounted module, that can be easily dismounted and/or replaced (see 
photo on previous page). Each block has furthermore two capacitive trimmers, one said “Square 
corners” and the other “Flat top”. The calibration operation consists in adjusting these trimmers. 


The various knob ranges are obtained by mean of a combination of these blocks, according the table 
below; only two blocks are used at maximum. Note that in 5mV range the attenuator is bypassed, 
and the signal input is linked directly to the amplifier. In other plug-ins, such as 7A16 and 7A26, also 
the 1omV range bypasses the attenuator, and the amplification factor of the amplifier is divided by 
two (10mV) or not (5mV). As stated above, the following notes are for 7A18. 


Attenuator, calibration 


The 5mV range does not go through the attenuator and it's a direct link from input to the first stage 
of the vertical amplifier. Its calibration cap (C100) cannot be adjusted without a plug-in extender, 
because it remain hidden by the oscilloscope frame. Luckily, it normally does not require 
adjustment. 


For the calibration, if you follow sequentially 
the adjustment table reported by the manual, x100 | X10 x4 X2 | Corner | Top 
you'll spend a frustrating lot of time trying to BmV 
get the 1KHz square to look decent across all 


ranges, and probably the result is still not 1omV - GUNG 1), SEN 
good. 20mV x C110 | C111 
5OmV x C114 | C115 
Suggested procedure 
eee 0.1V x x 
My suggestion is to proceed as follows: 
0.2V x x 


¢ roughly adjust the four adjustable ranges 


(10, 20, 50mV, 0.5V); O5V | Xx clis | cllg 
¢ let's take the 1omV block adjustment as an WW - Z 

example. The .1V range uses it as well (see 

the table); whatever adjustments you av x x 

make to 10mV range, it will affect the .1V BV x x 


range. So: set to 10mV/div and adjust 
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C106 for square corner, but do not touch C107. Switch to .1V and adjust C107 for best waveform, 
always adjusting the signal generator to show about 6 divisions. Do not adjust C106. Iterate the 
process, if needed. 

¢ follow the same procedure with 20mV/.2V ranges and 50mV/5V ranges. Adjust the square corner 
cap only on the mV range and the flat top cap only on the V range. 

¢ inthe 0.5V range you can adjust both and it should be OK. 


221/412 capacitors: I wish to recall your attention on 
a very small capacitor (C212, 1.8pF on channel 1, C412 
on channel 2, photo @) that gives a great contribute to 
the compensation. On a 7A18, I had the strange prob- 
lem I show you in photo @: a small curl that I was not 
able to fix adjusting the trimmers. I just desoldered one 
side of it and the shape became perfect. But it is impor- 
tant and cannot be simply removed, because it contrib- 
ute to the stability of the compensation when you 
switch to a different range. As suggested here, I tried 
to replace it with a short piece of twisted wire (photo 
©) and I got very good results. Now I replaced C212 
with the correct capacitor and everything is now OK. 
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alibrated vs. uncalibrate 


In my blissful ignorance, I was convinced that an imperfect vertical amplifier calibration could 
bring only to small defects in the waveform representation. I was surprised when I sow the signal of 
picture (®), photographed on the storage CRT of my 7633. What’s that? Subject of the photo are the 
bounces produced on the LED output of my relay exerciser described before (Restoration / 
techniques Section “Relays reparation”). The point is that is not the real signal, but, instead, a 
deformation of the true signal, that you can see in the photo @ (it is not exactly the same, but a 
different event) . The photo @ has been taken with an apparently well working but badly calibrated 
7A18. A good calibration is really essential! 
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Note that this is a CRT stored image. It is interesting, that after so many years, this systems is still very efficient and 
reliable. The stored image remain almost untouched also if we switch off the oscilloscope and turn it on the day after. 
With a minimum practice, using a storage scope becomes familiar and you can use it even for the real work. Very good 
also the writing speed for fast, non-repetitive events 
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The power supply of the best 7000-Series oscilloscope is the black beast of the restorers. 
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The High Efficienc 
Power supply 


Icallit HEPS, High Efficiency Power Supply, and was for me a black beast. It is the Power 
Supply Unit of the 7904, 7844, and, slightly revised, of 7704A, 7904A, 7854 and 7834. The 
7704 uses almost the same circuit but no integrated circuits (and today that is an 
advantage). The information that you find below should be good for most of them. I will nat | 
report what you can find in Tektronix manuals, but I will try to make them more 
understandable. 


What is it? 

At the beginning, I thought that the HEPS was a switching power supply, but it is not so. 
The HEPS is a big improvement, but is similar, conceptually, to the linear PSU of the 
various 76xx, with an important difference: in place of the normal 50/60 Hz transformer, it 
uses an inverter to produce a high frequency current (25 kHz) to feed it. At much higher 
frequency, the transformer can be smaller and lighter, while the losses due to the core material 
hysteresis are reduced, achieving a better energy efficiency. Tektronix described in this way the 
HEPS, presenting the 7904 (Tekscope Vol.3 No.4, July 1971): 


Both the low-voltage and high-voltage supplies in the 7904 are contained in a compact unit weighing just 71/2 
pounds. The high-efficiency supply provides 150 watts of regulated DC at an efficiency of about 80%. 
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A considerable savings in cost, weight and space is realized by winding both low-voltage and high-valtage 
transformers on a common core. The inverter, operating at about 23 kHz, drives both supplies. 


Pre-regulation to better than 0.5% is achieved by controlling the inverter conduction time. The control circuitry is 
designed to switch the inverter transistors off at the zero-voltage point on the sine wave. This eliminates the 
large amount of EMI normally generated by high- efficiency supplies, and reduces the likelihood of damaging 
the inverter transistors. 


Secondary regulation of the high-voltage supply is achieved using an amplifier to control only the -3 kV section 
of the supply. 
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The black beast 


The resulting circuit is undoubtedly robust and efficient, but for me was also terribly complex and 
hard to understand and debug. When I was forced to repair the HEPS of my 7844, I spent many days 
fighting with its complicate gears, so I decided to write these notes to make easier the job of other 
enthusiasts. Probably, also at Tektronix they asked themselves if it deserved all that complexity, and, 
in the 7603, they decided to return to the paste, with a normal transformer. The HEPS is also 
mechanically complex, including also the HV section in a limited and very “dense” volume, as we will 
see below. 


Note: all the references are to the 7844 schematic diagram, if you have another scope, even with the identical 
boards, the reference designators are often different. Those of the 7903 seem however to be the same. 


Preparing for the fight 


If we want to cure our HEPS, we need to arrange a proper operating table. We must afford these 
points: 
¢ disable the high voltage: in this way we split the problem and avoid to be shocked and/or 
destroy other sections with errant cables; 
¢ eliminate unnecessary things: the HEPS is connected to the mainframe by a big number of 
cables and connectors. We need to understand what and how we can remove; 
¢ build a dummy load (and other adapting cables). The HEPS goes in click mode (even if not 
faulty) when it has not enough load; 
¢ create a switch replacement, so that you can energize the HEPS also when it is on your 
bench. 
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Work calmly and take a lot of pictures during the job: they will help you in reassembling. Never 
think “that’s easy, I will remember...”. Be careful: the socketed transistors are prone to be bent or 
even removed if treated without attention. 


When you remove the PSU, be sure to discharge the CRT, it will remain charged for a long time and 


ay ; : ue : os Pas jan VA A NIB iS | SA 4GEROUS VOLTAGES 
will give you a shock, to punish you for having thought “oh, I will be careful...” = \¢ WARRING “DANGEROU: VOLTAGES 


Pol ts 


The black beast drawing is from https://www.vecteezy.com 
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Interested. | 
boards i 


We will deal with the following boards: 
¢ the Power Supply Inverter board (PSIB). It contains the a.c. mains rectifier 
and the inverter itself. It hosts also the -2,96 kV voltage regulator based on af= 
85145 operating amplifier. Another good reason to detach the HV supply 
before operating; 
¢ the Capacitor Rectifier board (CRB). It is connected to the transformer 
secondary windings and simply rectifies and levels the various voltages. 
¢ the Low Voltage board (LVB). It performs the precision voltage 
regulation on the pre-regulated voltages produced by the CRB; 
the High Voltage board (HVB), aka the Death Chamber, with the 
circuits dedicated to produce the -21 kV and -2,96 kV voltages; 
¢ the CRT board (CRTB), i.e. the interface to the CRT. ; 
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5V 105 J 
Here on the left i 
you can see the 

voltage on a side j 
of R1210, on the j 
PSIB. Note that I 

used a X10 probe 

to take it, so each 


division is 50V. aire y 


That's normal, : Vitis “1 mu, E04 | 
you can think, cea 
but they are di- 

rectly referenced 
to the a.c. mains. 


Be careful! 


The Low Voltage board is very similar (even if completely different) from that of the 76x3 oscilloscopes, but without the big TO-3 transistors, 
replaced by a smaller case (TO-127 if I am not wrong). Here also, every transistor (besides the TO-127) has its socket, (even if hidden). Note the 
big 2W resistors: they are the way to measure and limit the maximum current and offer the possibility to measure the current consumption, (also 
dynamically) measuring the voltage at their leads, using the Ohm law. 


The dreaded 
click 


A possible fault mode of the HEPS is the dreaded tick. Many can be the reasons 
that produce this problem, and knowing the general operation can make easier the 
solution. The Bible for HEPS repair has been the article Servicing the Tek 7904 
Power Supply (from Tekscopes March 1971), and it remains. But, in my opinion, it 
is too synthetic and with some discrepancies, at least with my case. Reading it is a 
must; we will reference it as [1], and assume that you already read it 
(subsequently, part of it became part of the official manuals, e.g., the 1983 revision 
of the 7904 service manual at page 4.8, reference [2]). I will not analyze the case 
of the blowing fuses, on which I have no experience until now. 


= 


7000-Series restoration / power supply 


~*~ 
>, 
. 
: 
' 
' 
f 


The death chamber 


In the old electric locomotives there 
was a restricted area called “the death 
chamber”, with all the high voltage 
components and connections. In the 


HEPS there is a restricted area for the 
CRT +3 kV/+24 kV voltage generation, 
with its sealed extra HV multiplier and 
the high voltage capacitors. Note the 
accurate construction, it is clear that 
they had experience in these things! 
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Investigation 
strategy 


Tf you already performed accordingly the [1] indications without success, I suggest this approach, 
that has the purpose of splitting the problem in different segments: 
¢ separate the HEPS from the mainframe, and discharge the CRT. I took a risk and was lucky, don’t 
take chances; 
¢ remove the Low Voltage board (LVB) and access the Death Chamber to disconnect the high 
voltage secondary winding (see below); replace the cover but not the LVB, we will first test the 
inverter without it; 
¢ connect the dummy load to the Capacitor Rectifier board (CRB) and test the inverter, as we will 
explain later; 
¢ test and fix the Power Supply Inverter board (PSIB) and the CRB, if necessary (the text continues 
on next page); 
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remount the LVB and move the dummy load to its outputs; 
test and fix the LVB if necessary; 

restore the HV. I still have no strategy for the HV regulator; 
test again with the dummy load; 

reconnect the HEPS to the mainframe and cross your fingers (note: in [1] and [2] you will find how 
to test the mainframe by reading its resistances at the connector). 


P2490 
P2495 


P2496 
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Extracting the 
HEPS 


Prudence 

I noted that often Tektronix used module interdependencies also for safety reasons. So I was a little 
scared regarding the splitting of the various modules (and I had examples of these risks, e.g. don’t 
remove P1630 with HV on) and so I analyzed the various module connections to be sure that I was 
not going to create further problems. 


External connections 


These are the connectors from the HEPS to the mainframe: 
¢ P1598 on LVB, 2 poles, just to supply the fan; 
¢ P14170n LVB, , 7 poles, power supply toward the mainframe, for the graticule and the other 
lights; 
¢ P1482 on LVB, 10 poles, main power supply output toward the mainframe; 
¢ P1483 on LVB, 7 poles, current sense inputs from the mainframe; 
¢ floating flat cable toward P2490 CRTB, 7 poles, from HVB to CRTB; 
¢ floating “sausage” cable toward P2495 CRTB, 4 poles, from HVB to CRTB; 
¢ floating “sausage” cable toward P2496 CRTB, 7 poles, from HVB to CRTB; 


The schematic in the previous page shows the HV connections, enhancing the interested board. 
Note on P2496: normally all the connectors use the same color encoding as resistors. P2496 is an exception, because it is used for high 


voltages and “jumps” some pins. You must know it because a mistake here can be highly destructive. Its pinout is this, and colors ignore not 
used pins: 1 - brown; 2 - not used; 3 - red; 4 - orange; 5 - yellow; 6 - not used; 7 — green. 
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Remove all 


For our purposes, all these connectors can be removed with the following exceptions: 


Internal connections 


To complete the picture, let’s talk of the connection inside to the HEPS. We 
have the following links: 


Never detach the last two when the HV is enabled. I did it, and I heard the noise of a 
lot of strong discharges. Clearly, the lack of the voltage regulation determines a rise in the 
high voltages. 


Note in the photo the radial (vertical) capacitors used instead of the axial, because here are 52 7 
much easier to find in local shops and consequently also much less expensive. 


P1482 must always be connected to a load (i.e. the mainframe or the dummy load); 
failing to do that you have no damage, but simply force the HEPS in the click 
mode; 

P1483 lines must always be connected to the corresponding lines on P1483. The 
HEPS voltage regulators, like other Tektronix power supplies, don’t check 
internally the voltage they produce, but has separate sense lines for each 
voltage. In this way, the regulator can take in account also voltage drop due to 
the wire resistance and have so a better regulation “at destination”. The 
connection point between the current and the corresponding sense wires is 
normally on the Main Interface board (those where the plug-ins are inserted 
and where is also a 10 uF capacitor for each power line). Never switch the 
HEPS on when the current and the sense wires are not connected together. 
Failing to do so, you can get damages. The LVB test points are on P1483. 
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P1354 (PSIB) to P1454 (LVB) carries the 130V and GND connections to 
the LVB; 

P1352 (PSIB) to P1452 (LVB) carries the main voltages connections to 
the LVB; 

P1315 (PSIB) to P1415 (LVB) carries the +7V (used to produce the 

+5V) and the +5V for the lights to the LVB; 

P1391 (PSIB) to P1491 (LVB) carries back to the PSIB some stabilized 
voltages used for the -2,96 kV regulator; 

P1630 (PSIB) to P2330 (HVB) used for the 2,96 kV voltage control. 


528 529 


Disabling the HV 


To disable the HV, you 
need to isolate the HV 
transformer secondary 
winding. Open the “death 
chamber” (see photo here 
on the right) and 
disconnect one side of 
R2314, R2507 and R2311. 
One or two are not enough. 
Leave them so that they do 
not discharge. Removing 
the HV cables is not 
required, unless you want 
to work more comfortably 
without them. When you 
resolder, clean thoroughly. 
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The dummy load 


Resuming, at this point we have removed the LVB and disabled the HV. I suggest you to short the 
a.c. mains wires that go to the panel POWER switch and apply an external (bipolar) switch to 
control the power up of the HEPS (see a photo some pages forward). Before starting to operate, we 
still need the dummy load. You can follow this document or proceed as you prefer. In the photo you 
can see mine, not very professional indeed... but built in a very short time; I will build a better one 
soon. I did not use an heat sink because normally you need the load just for few seconds. 


Again about the dummy load, don’t do like me, and don’t use “lighter” resistors. The HEPS must be 
rather heavily charged to work correctly, or will go in the click mode as well as for excessive load. 
Use the values of the above referred article. 


I suggest a small modification, that in my case demonstrated to be essential: add a 10 uF capacitor, 
of suitable voltage, in parallel with each the loads. See the whole story later, when we tell about LVB 
reparation. 


I endowed mine with connectors ready for the flats from the PSIB, i.e. to replace the LVB as seen 
from the PSIB. Then I built an adapter to use it also as a load for the LVB. 
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The inverter 


I studied very thoroughly the circuit. If I say I understood every single bit, I would lie, but pm, =| ie 
surely I understood most of the necessary for trying to repair it. I had formerly the a 

opportunity to deal with a circuit like that with the old military T-195 transmitter (see my 
other book), where a solid state inverter replaced the old electro-mechanical dynamotors to 
produce 1,000V with high current capability. I could repair it thanks to the help that I 
received from the friend and super-expert Dr. Hugo Holden (Acornvalve on Antique Radio 
forum). Back to the HEPS, read the manual for a detailed information, but find here some 
information derived from the experience. 
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The inverter is the modern replacement of the relay (or vibrator) inverters used in old car 
and military tube radio: two switches that act alternatively, producing a square wave from a 
d.c. source. The square wave is fed to the transformer and is used to produce various a.c. 
voltages on the secondary winding. Our HEPS inverter is something similar, but solid state. 


Kickstarter: the inverter is like a metronome; to get it started, you must pinch it. This i = 
kickstarter is composed by CR1238 DIAC, a component that does not conduce below 30V and s— cerco 9078 
that conduces above. It is connected to C1242, a 5nF capacitor, grounded (EXT_GND) on the ty aiotiedT aM Ae 
other side. This capacitor is charged directly by the a.c. mains thru R1210, 300k resistor. pase 
When the voltage on C1242 exceeds 30V, the DIAC CR1238 conduces and “pinches” , via 
C1239, one of the big TO-3 transistor (Q1241), that stimulates the LC circuit, composed by 
11237 and C1237, making things to start. From that point on, Q1234 and Q1241 alternatively 
conduce and stop. Q1241, when it switches, thru the CR1242 diode, keeps C1242 good, so that 
it no more pinches. 
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There are many other interesting things to know about the inverter: 

¢ over-voltage protection: all the components drawn near the transformer primary 
(C1249, C1243, CR1244 etc.) have alla purpose: to protect the inverter from overvoltages. 
When C1243 charges beyond a certain value, thru the 120V V1246 Zener, it triggers the 
Q1248 SCR that lead Q1246 to conduction. It so makes Q1241 to close, stopping the 
oscillations. If you suspect something from this side, that makes the inverter not to 
start, check the Zener. As last beach, remove Q1246. If the inverter continues not 
starting, the problem is somewhere else. 

¢ the inverter controller U1275, but this is a deeper theme, that we will afford next. 
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The controller IC 


The old car radio inverters operated free run, at the frequency established by the circuit constants. 
The HEPS inverter has instead two control “levers”: one to control the inverter resonance 
frequency, and therefore the output voltages; the other is the emergency brake, to stop the inverter 
completely. But who drives the levers? 
Tektronix designed a genial analog inverter controller in the custom IC 155-0067-02 (U1275), in as 
few as 16 pins, that performs various important tasks: 

¢ it monitors the inverter phases, so that ordering the transistors to switch only at the zeroes of the 
sine wave (pin 10 and 11, PHASE TRIGGER); 
it monitors the output voltage (pin 15, E-SENSE) and controls the transistors, adjusting the 
oscillator frequency to stabilize the output voltages (pin 9, BASE CONTROL DRIVE); 
it monitors the alarms, to pull the emergency brake (pin 8, INVERTER STOP) when needed. 


NOTE: all the oscillograms reported in this section were taken with X10 probes, that had not the sense 


ring, so all the V/div reported on the 7633 screenshots must be multiplied by ten. 


G) @) 


© The PHASE TRIGGER input signals (pins 10 and 11). Thisisa | ©@ The BASE CONTROL DRIVE output signal (pin 9), that gives a 
sample of the main transformer T1310 primary current, taken via _ pulse every half cycle, so every 20 ps (50 kHz frequency, the double 
the small T1235 transformer. It is used also for monitoring the out- _ of the inverter frequency). 

put voltage (pin 15, E-SENSE). 
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The red zone 


In the inverter, you can distinguish two zones: one upstream of the transformer, and the other 
downstream. 
¢ the upstream part, lets’s call it the “red zone”, has a separate ground (in today schemes we would 
call it EXT_GND), directly connected to the a.c. mains. 
¢ the downstream part, 1.e. the part on the mainframe ground. 


; 


© The test point TP1244 in my scope is not physically present, so I took this signal on the cathode of CR1244, where the test point should be. It is 
the voltage on the T1301 main transformer primary winding. The shape is not a perfect sinusoid but it is not bad. Note the glitch at the beginning of 
each horizontal segment. I believe that it is the instant where the BASE CONTROL DRIVE pulse ends. @ The INVERTER STOP signal in case of a fault. 
On the upper trace, the +50V voltage. Something is wrong and the brake is pulled. © The LSENSE input under normal operation conditions. @ To 
allow the 7844 HEPS to switch on without the mainframe, you need to bridge the J1201 connector as shown. 


(continued from previous page) There are two kind of alarm inputs that the IC can monitor: 
¢ I-SENSE (pin 13): it monitors the feedback voltage and decides when there is an over- or underload, 
and, in case, issue a STOP command on pin 8. This signal can be as low as 200mV; 
¢ BAL-SENSE (pin 2), this name was rather inappropriate and was subsequently changed in FAULT 
SENSE. It is normally used to monitor the high voltages, via ISENS and BEAM I SENS. We will 
discuss again later of these signals. 
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© The red zone is the part 
of the inverter circuit that 
is insulated from the main- 
frame ground, and is refer- 
enced to a separate ground 
that is directly connected 
to live a.c. mains (and thus 
very dangerous). 
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© The photo here on the left shows the safety lamp, that quickly blinks when the voltage on the main rectifier filter is above about 80V. It is well 
hidden inside the HEPS but it use is intended for the qualified maintenance personnel only. Remember to discharge these capacitors. as explained 


in the text. @ A useful tool: with a 2K2, 2W resistor and two old VOM probes, you can build a tool to discharge the big electrolytic capacitors that 
keep their high voltage («320 V) for long time. With it, you must short the two screws shown in the photo. 


Going to practice, I don’t like to sermonize about safety; nobody of us is a boy, and, if you like a Tek 

scope, you must be expert enough. But in this case there are some peculiarities , and so I make an 

exception: 

¢ the high voltage to the inverter is generated directly rectifying the a.c. mains (a different wiring is 

provided for 115 or 230 V operation). The inverter stops immediately when you switch off the 
power supply, but the filter capacitors remain charged. Furthermore, being the inverter 
stopped, the capacitor charge lasts even longer. A neon lamp on the Power Supply Inverter board 
(PSD blinks until the charges drops below 80 volts. Build a tool with two VOM probes and a 2k2, 2 
W resistor to discharge the capacitor when you must put your hands there. See the photo reported 
above (continues on next page). 
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pafety cautions 


¢ (continued from previous page) grounds: never connect the test oscilloscope probe alligator to 
the red zone EXT_GND, unless you have an insulated, battery operated scope. The best point 
where to get EXT_GND is on the 3 uF 400V C1229 capacitor on 
the Power Supply Inverter board, on the side nearer to the 
board edge. If you touch this ground, obviously is like \ 
to touch the live power outlets at home... “ 


With the HEPS, producing serious damages is x 
very easy, and double attention is é, A ‘ae . ~ 
required. Every time you do ’ ‘0. ¢ 

something, before powering : 
up, think twice what and 
why you did it. 
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Investigations 


As we said, investigating the red zone is not easy and requires non-conventional weapons. I found a 
way (maybe that everybody already knew it), using my 7633 CRT storage scope, with differential 
vertical amplifiers. I own a 7A13 and a 7A22. Each of them allows to produce one trace, so I had 
available two traces for my tests. The trick is to use two probes per trace, one connected to the EXT _ 
GND and the other to the point you want to watch (the probes’ ground alligator can be connected to 
the metal frame). In this way you are out of the EXT _GND, but you can see the red zone signals in 
the normal way. Without that, I never could succeed repairing the HEPS. 


BACK TO WORK. In this photo below, the 7633 that I used for investigating the R7844 problems. I started with the HP 54502A DSO, using the 
60 for the differential amplifiers only. But as I proceeded with the work, I realized that I tended to use the Tek more and more. In my opinion 
the analog scope is much more suited to sniff the wind. The DSO, when is at its limits, just show meaningless points. With the analog, it seems 
me that you can more easily understand what it is happening. I like to think that the 7633 is happy for being at work again after so many 
years, and not just a collector's item. Note how the 7633 looks proud, while the 7603 silently observe the scene, with a touch of envy for the 
7638’s Memory.... 


5359 


Trying to fix the click problem, I stumbled in another problem: the sound of silence, i.e. the absence 
of the click, with the fuses neither burning, nor having any other sign, besides the absolute flat calm. 
I was devastated by that: I have been paying the maximum of attention to work correctly, but after 
few checks in the PSIB, I had taken a step back instead of forward. 


So, the only way was trying to understand what was happening. After some tests, I discovered that 
the poor inverter was not dead: the kickstarter was doing its duty, and the inverter was trying to 
start (see photos below). 


The first idea was that the over-voltage protection (described above), rightly or wrongly, was 
stopping the inverter. After many thoughts and checks, I decided to risk removing this safety 
control. That’s rather easy, just remove Q1246; in this mode you just trim the nails to the over- 
voltage protection. Nothing to do, the inverter didn’t want starting. 


Then I asked myself if an overload on the secondary could be the cause, but on the secondary 
windings side there was no activity at all. 
© The photo here on the left shows the voltage at C1242, the kickstarter. The photo @ on the right is the relative to the same pulses but with 


a faster time/div. They allow to see that the kickstarter is working. The voltage on the capacitor increases until at about 30 V, it triggers 
Q1241, as it should, and few cycles start (Q1241 closes and discharges C1242). But the inverter does not start. 
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©O Again the non-starting inverter. Both photos are related to TP1234, with different time/div and amplitude. The attempt to start an 
oscillation is evident. 


The next suspected was the controller IC. Could it be the cause? After again many thoughts and 
checks, I concluded that it must be not guilty, for the simple reason that, not starting the inverter, it 
had no energy to start up. It was in a coma, so it could not be the murder. 


I had checked every diode and transistor (and even tried exchanging the two TO-3 transistors), so it 
could be only an answer: the problem arises in the zone of those that we called the “levers”, the 
controls commanded by the IC, to manage the inverter. Because the IC was in a coma, the problem 
had not to be in the way the levers were operated, but in the levers themselves. The decision was 
then: 

° first just swap Q1252 and Q1254, they are identical, and see what happens; 

¢ then try to remove both and also the IC, as a prudence. 


I started the swap and I had a flash. Why, if they are identical, are they placed in different 
positions, when their sockets are in the same position? Simple, my dear Watson. The donkey that 
helps me in these jobs (see below), had checked these transistors, but replaced them in the wrong 
way in the socket... NOOOOO! Do you want to see that... 


Yes, I correctly reset the transistors, and the no longer dreaded, but now beloved click started again. 
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Music 


By the way: if click is dreaded, and the silence too, which is the ideal music to the HEPS-repairer’s 
ears? You will get used to it: two or three clicks, and then the silence. It is normal that in the 
beginning the HEPS goes in protection and that few kickstarter hits are always required. 


Investigating the inverter controller 


OK, now I could allow myself the luxury of hating the click sound again. I had not yet the dummy 
load, and so I just tried to investigate the mythical IC controller. Apart from everything, it deserves a 
praise. Tek succeeded building a fully analog microcontroller, very well performing, with the sixties 
technology, it's not little. I studied all the pins and already presented you a description of them 
above; now let’s go in deeper details. 


Disable BAL SENSE input 


One idea that I had, has been to disable the BAL SENSE input, that is used for monitoring the 
following signals: 
¢ BEAM I SENS - this signal is produced autonomously by the sealed module x14 multiplier (in the 
Death Chamber), that rises the -2.96 kV voltage to 21 kV, ina short an alarm for the extra high 
voltage circuit; 
¢ BEAM I SENS - this is produced by the 2.96 kV voltage regulator composed by the operational 
amplifier U1635 and related components on the PSIB. 


Both signals are fed to the PSIB via P1630, that links them from P2330 of the HVB, where they are 
combined together, and reach the IC pin 2 BAL SENSE. If one of them is wrong, the inverter 
controller U1275 raises an exception and stops the inverter. 


In this loop there is also another participant: the $1305, a big thermostatic switch that opens if the 
board temperature exceeds 205 degrees (Fahrenheit, I suppose, i.e. 96°C). 


Considering that we have put to off the HV, we can safely disable this input alarm, just removing the 
S1305 connector and strapping its pin 2 to ground on the PSIB, as shown on next page. In this way 
we can eliminate from our investigations another suspect (don't forget to restore the right connection 


before enabling again the HV!). 


some more oscillograms 
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© TP1234 in normal operation conditions. @ TP1238 in normal operation conditions. Remember that all these diagrams have the amplitude value 
to be multiplied by ten. 


A simple way to disable the BAL SENSE alarm. A wire jump from pin 2 of the thermal switch connector and EXT_GND. 


In this job, I reconstructed the smoke loop of BEAM I SENS, that is very convoluted. I report it here, 
should it be useful for you: 
¢ HVB (R2203) P2330, pin 3 to PSIB P1630, pin2 > 
* &>PSIB P1391, pin 8 to LVB P1491, pin8 > 
* &LVB P1483, pin 1 to Main Interface board P83, pin1 > 
* >Main Interface board piggyback pin E to Logic board piggyback pin E > (3) (4) 
* >Logic board J331 and J572 to Z-axis amplifiers J1131 (beam 1) and J2072 (beam 2 and readout), 


to limit the beam intensity if at dangerous levels. © TP1231 in normal operation conditions. @ The AC from T1310 transformer to the +5V rectifier. 
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© C1242 in normal operation conditions. @ C1242 again, in mixed mode scan: the first part has been scanned at 500 s/div, the second at 20 
s/div. I explained to myself this strange behavior: C1242 is discharged for the action of CR1242, but the voltage on the collector of Q1241 is 
continuously variable, so the cut starts from the actual point to zero. 


The Capacitors / 
Rectifiers Board 


We did not speak too much about the CRB (apart of the controller IC) because it is almost 
straightforward. A problem here is rather easy to find, and to fix. 


Probably it’s a good idea to take the opportunity of a recapping. Today very good electrolytic 
capacitors are easy to find, inexpensive and much better that the old ones. I decided to use higher 
capacitance values, about 30+50% bigger, they are small enough and I can not see any 
contraindications for doing that. 


Check also all the diodes and the transistors. 


The LV board 


More difficult than it seems 


OK, now we hopefully repaired the inverter section and refurbished the CRB with new capacitors. 
We are ready to afford the LV board, not so easy as you could think. 


Already in the seventies, when you wanted a linear regulator, you just chose the voltage and the 
polarity, and you could buy a 3-terminal linear voltage regulator IC, ready to run (7805, 7812, 7912, 
etc.). At Tektronix, they probably preferred to rely on an internal design, also to create voltages 
reciprocally dependent and very carefully protected. Whatever the reason was, with this LV we have 
to fight. Let’s remember the base principles of 
a linear regulator. 


Basic circuit operation. 


That here on the right is a basic series 
regulator circuit. 


The input voltage is always higher than the 
desired input, and the current toward the load 
is the same. As you know, the power is given 
by the product of the voltage times the 
current. For example, we could have: Vin = 
15V, Vout = 5V, I = 1A. We have 15W (15 x 1) in 
input and 5W in output (5 x 1). And where did 
they go the 10W difference? Simple: it goes in heat, normally dissipated by the Series element. For 
this reasons, power supplies circuits like HEPS are today rarely used, preferring switching 
regulators that operate on a completely different principle, much better from the energy point of 
view, but that could also produce some unwanted electrical noise, not welcome on an instruments 


like ours. 


Reference 


Unregulated input 
Regulated output 
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Coming back to our case, the HEPS 
follows this scheme. 


The differential amplifier monitors 
the output voltage at destination, 
thru the sense inputs. Only the -50V 
has an adjustment potentiometer, 
because all the other voltages are in 
some way dependent on the -50V. 


Unregulated input 


Differential 
amplifier 


Voltage 
reference 


-50V circuit description 


from the 7844 manual 


Semi-regulated -54 V from the Converter/Rectifiers circuit 
provides the unregulated voltage source for this supply. 
Transistors Q1508, Q1522, and Q1534 operate as a 
feedback-stabilized amplifier to maintain a constant -50 V 
output level. Transistor Q1508 is connected as a differential 
amplifier to compare the feedback voltage at the base of 
Q1508B against the reference voltage at the base of Q1508A. 
The error output at the collector of Q1508B reflects the 
difference, if any, between these two inputs. The change in 
error output level at the collector of Q1508B is always in the 
opposite direction to the change in the feedback input at the 
base of Q1508B. 


Zener diode VR1505 sets a reference level of approximately - 
9 V at the base of Q1508A. A sample of the output voltage 
from the —50 Volt Supply is connected to the base of Q1508B 
through divider network R1512, R1513, and R1514. resistor 
R1513 in this divider is adjustable to set the output level of this 
supply. Notice that the feedback volt age to this divider is 
obtained from a line labeled -50 V Sense. If the feedback 
voltage were obtained at the supply, the voltage at the load 


would not stay constant, due to the inherent resistance of the 
interconnecting cable between the supply and its load (as the 
load current varies, the voltage drop along the cable also 
varies). The Sense configuration overcomes this problem by 
sensing the voltage at the load. Since the current in the Sense 
line is small and constant, the load voltage is held constant 
regardless of the load current. 


Regulation of the supply occurs as follows: If the output level 
of this supply decreases (becomes less negative) due to an 
increase in load or a decrease in input voltage (as a result of 
line-voltage changes or ripple), the voltage across divider 
R1512, R1513, and R1514 decreases also. This results in a 
more positive level at the base of Q1508B than that 
established by the - 50 V Reference stage at the base of 
Q1508A. Since the transistor with the more positive base 
controls the conduction of the differential amplifier, the out put 
current at the collector of Q1508B increases. This in crease in 
output from Q1508B causes an increase in current through 
Q1522. This allows more current to flow through Q1534, 
resulting in increased conduction of Q1538, the 
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—50 V Series Regulator. The load current increases and the 
output voltage of this supply also increases (becomes more 
negative). As a result, the feedback voltage from the -50 V 
Sense line increases and the base of Q1508B returns to the 
same level as the base of Q1508A. Similarly, if the output 
level of this supply increases (more negative), the output 
current of Q1508B decreases. The feedback through Q1522 
and Q1534 reduces the conduction of the -50 V Series 
Regulator to decrease the output voltage of this supply. The - 
50 V adjustment, R1513, sets the output level of this supply. 


The -50 V Current Limiting stage (Q1256) protects the -50 Volt 
Supply if excess current is demanded from this supply. Since 
the load is connected to this supply through R1537, all current 
from the -50 Volt Supply must flow through this resistor. 
Transistor Q1526 senses the voltage drop across R1537. 
Under normal operation there is insufficient voltage drop 
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across R1537 to forward bias Q1526. 


When excess current is demanded from the - 50 V Series 
Regulator due to a short circuit or similar malfunction at the 
output of this supply, the voltage drop across R1537 increases 
until it is sufficient to forward bias Q1526. The collector current 
of Q1526 results in a reduction of current through Q1522 and 
Q1534 to limit the conduction of Q1538. This current limiting 
protects Q1538 from damage due to excess power 
dissipation. 


Several protection diodes are also included in this circuit. 
Diode CR1539 prevents the output of this supply from go ing 
more positive than about +0.6 V if it is shorted to a positive 
supply. Diodes VR1501 and CR1502 supply a turn on voltage 
for Q1508 to start the -50 Volt Supply when the instrument is 
first turned on. As soon as the —50 Volt Sup ply turns on, 
CR1502 turns off to disconnect the turn-on voltage to Q1508. 
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instant ohmic resistance in the same direction as the input voltages (it increases when the voltage increases 
and vice versa.) thus keeping up constant total resistance between the two supply rails. There is a full (100%) 
negative feedback; the two input base voltages and the emitter voltage change simultaneously while the 
collector currents and the total current do not change. As a result, the output collector voltages do not change 
as well. 


Vee 


Differential 
amplifiers 


To better understand the LVB, it is advisable to remind something Vin ® 
about the differential amplifiers. For many of us “differential 
amplifier = operational amplifier”, and the first name that comes to 
mind talking about them is uA741, the first integrated op amp. But 
which is the difference between differential and operational amplifier? 


Differential mode: in differential mode (the two input voltages change in opposite directions), the two voltage 
(emitter) followers oppose each other—while one of them tries to increase the voltage of the common emitter 
point, the other tries to decrease it (figuratively speaking, one of them "pulls up" the common point while the 
other "pulls down" it so that it stays immovable) and vice versa. So, the common point does not change its 
voltage; it behaves like a virtual ground with a magnitude determined by the common-mode input voltages. The 
high-resistance emitter element does not play any role—it is shunted by the other low-resistance emitter 
follower. There is no negative feedback, since the emitter voltage does not change at all when the input base 
voltages change. The common quiescent current vigorously steers between the two transistors and the output 
collector voltages vigorously change. The two transistors mutually ground their emitters; so, although they are 
common-collector stages, they actually act as common-emitter stages with maximum gain. 


The main difference between differential amplifier and operational amplifier is 
that a differential amplifier is an amplifier that amplifies a voltage difference It seems is very interesting that with a circuit simple like this, you can achieve so many 
between its inputs, whereas an operational amplifier is, in fact, a type of differential amplifier with a large open-loop advantages. It is interesting a look forward (respect to the 7844) to the subsequent 7904A, 78 
gain, a high input impedance and a low output impedance (pediaa.com). a g : P ; 7 44 d 79 » 7054; 
7834 HEPS, where the LVB has been rejuvenated, replacing discrete components with uA741 ICs 
Tektronix used often often circuits based on differential amplifiers (DA), and the LVB has plenty of (see here below). 
them. So I believe that it is not useless this little review. 


Obviously, DAs are not automatically ICs. The simplest form of DA is composed by just two 
transistors, a configuration said “long tail”, shown in the schematic diagram here. Let’s resort to 
chunks from Wikipedia: 


A differential amplifier is a type of electronic amplifier that amplifies the difference between two input voltages but 
suppresses any voltage common to the two inputs. It is an analog circuit with two inputs Vint+ and Vin- and one 
output Vout, in which the output is ideally proportional to the difference between the two voltages. 


Biasing: In contrast with classic amplifying stages that are biased from the side of the base (and so they are highly 
B-dependent), the differential pair is directly biased from the side of the emitters by sinking/injecting the total 
quiescent current. The series negative feedback (the emitter degeneration) makes the transistors act as voltage 
stabilizers; it forces them to adjust their VBE voltages (base currents) to pass the quiescent current through their 
collector-emitter junctions. So, due to the negative feedback, the quiescent current depends only slightly on the 
transistor's B. 


Common mode: in common mode (the two input voltages change in the same directions), the two voltage 
(emitter) followers cooperate with each other working together on the common high-resistive emitter load (the "long 
tail"). They all together increase or decrease the voltage of the common emitter point (figuratively speaking, they 
together "pull up" or "pull down" it so that it moves). In addition, the dynamic load "helps" them by changing its 
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Investigating the LVB 


Repairing the LV board, we have powerful allies: the sockets, that allows us to adopt the coward 
strategy. Instead of analyzing the circuit in details, like true men do, first check every transistor, 
every diode and every Tantalum capacitor, with the VOM, if you have not better instruments, like the 
curve tracer. In the case of the HEPS, only the big transistors have no socket, and are soldered to the 
board. In desperate cases, however, it is not too difficult to desolder the emitter (the pin on the left) 
and check them also. Note anyhow that I have found also faults caused by open resistors. 


I follow always first the inglorious way. It seems slow, however it could be time saving instead. 


But what, if you cannot find the problem in this way? When the going gets tough, the tough get 
going... and if you are not tough, you must become. 


Note that sometimes you follow the donkey’s suggestions and you do a lot of unnecessary work. I 
never did it, I swear... uhm... So, right or wrong, I decided to understand if every voltage circuit was 
OK (I thought not, but in reality they were OK...). 


By now you will have understood, that my strategy is to split the problems, so that to fight just one 
enemy at a time, but here the problem is the interdependencies among the various voltages. 


The good news: the interdependency is partly only apparent. Many of the diodes that you see to 
different circuits, are there only as a protection in case of shorts or other mistakes. If you read 
carefully the manual, there are a clear indications regard that. This is the list of some the protection 
diodes (I don’t pretend it is exhaustive): CR1539, CR1468, CR1589, CR1469, CR1439, CR1549. 


Before going to the war 


Let’s reflect: what are we doing and why? Probably we have the following possibilities: 
¢ the inverter is clicking also with the dummy load; 
¢ the inverter does not click, but one or more voltages are wrong, or something is developing heat; 
¢ the inverter is clicking with the LVB, but it worked with the dummy load. 


The R1287 method 


The inverter can click for insufficient or excessive load. So, we must understand where we are. To do 
that is rather easy, as described in the document [2], just check the voltage across R1287. I suggest 
this procedure: 


ool 


¢ check if the stop is really issued by the controller IC: it is easy, as we have shown before, just place 
the test oscilloscope probe on U1275 pin 8 (compare it with the oscillograms above); 

¢ if not, find the problem elsewhere. If yes, check the voltage across R1287, as suggested by 
document [2]. In my opinion it contains an error in this point. 


It seems impossible that the pulse duration is that described in the diagram. The frequency there is 
that derived directly by the T1310 transformer (via T1235), so the pulse duration should be 20 us and 
not 10 ms. Also the amplitude of my HEPS is not that reported by [2] (in the oscillogram below each 
division is 200 mV, so the pulse is about 500 mV, not 900). Are they referring to the envelope? 


But the idea is very good: on R1287 you can read the total current produced by the inverter. 


T report also, on next page, the case of a shorted output (not my fault, but of the donkey). Well, in this 
case we have even a lower pulse amplitude: only 150 mV. Note also the behavior seen with a slower 
time base. I leave to you the conclusions on the article interpretation. 


The [2] document suggest also: 


Connect the 10X probe to each power supply at the test points (on the LVB) . Note the polarity, amplitude, and 
shape of the waveform present at each test point. Look for a power supply where the burst voltage is very low in 
relation to the specified supply voltage. 


c) 
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In my “understand-everything” mania, I wanted to check each individual voltage circuit. A good way 
to waste time, perhaps, but led me to establish some important rules. But but let's go in order. 


I was in the stage when the inverter with the dummy load was operating correctly. I then 
reconnected the LVB and placed the dummy load downstream the LVB Again I got the click. “So its 
you!”, I thought, and decided to analyze the LVB. I tried in various way, without understanding too 
much of the problem. So I decided to try activating only one section of the LVB, inter alia the -50V 
section, because that is the conductor for all the others. It requires only +17V, -54 and +130, all from 
the inverter. So I left the dummy load on the inverter, but diverted the -54V toward the LVB, 
disconnecting it from the dummy load. Then, I connected the now free dummy load to the output of 
the LVB. I left the dummy load on +17V and +130V, and however connected them to the LVB. 


C) (2) © The LVB can be roughly divided in five strips, each for every voltage (+15, -15, -50, +50 and +5V). In this drawing you can see in green all the 
components related to the -50V regulation. All the other voltages are referred to it. 


© Voltage drop across R1287 in condition with +50V shorted. © The same with different scales. 
1&2 eas 
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We have also another way to check the current absorption on the various voltages. Each voltage has 
a low value resistor (e.g. 0.1 ohm), used for current limiting. If you use the differential amplifier, with 
a probe at each end, you can easily calculate the current: I= V/R, R is known, and V is given by the 
differential pulse that you see on the test oscilloscope. In this way I discovered very quickly that, in 
my case, there was a connector inserted in the wrong way. The following ® picture could help you. 
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© The current limiting resistors on the LVB. The current that flows in them is the voltage across their terminal divided by their resistance value. 
You can use the VOM to read the average current, or a differential vertical amplifier with your scope to see the its dynamic trend. 
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The wiring to use only the -50V section on the LVB. Note that the +130 is not further regulated and is produced directly by the inverter. 


In this way, I had the same situation as before (dummy load on the inverter), except the +17V, 
+130V and -54V, which, passing thru the LVB, was hopefully going to become -50 (see the drawing 
above). Out of caution, I removed all the socketed transistor from the +15V section. 


Well, what happened when I switched on? As expected, the -50V reached its nominal value... but 
after 30/40 seconds! Something warming up? No, at all, everything seemed to be right. So, I started 
the usual battle, analyzing every component. I noted that the 9V reference voltage of the differential 
amplifier Q1508 was increasing slowly. It shouldn’t. The diode CR1510 forbids the reference voltage 
to reach -9V when the voltage from the sense input is more positive, but removing C1506 or C1511, 
the behavior was normal. I got mad. Than, I decided to see in the manual how the mainframe put 
together the -50V with its mating -50V sense input, and I noted that in the rendezvous point, there 
was a 10 uF capacitor toward ground. I added a similar capacitor to the dummy load and... it 
worked! I forgot to check with the oscilloscope to see what was happening (probably a self- 
oscillation), but that allows me to state the first LVB rule: 


¢ in the junction point between the voltage output and sense lines, a 10 uF capacitor (of suitable voltage) must 
be added. 


At that point I was very happy, and continued with the same logic, testing each voltage 
individually: all of them were correct. Now I was ready for the big leap: all the dummy load on the 
LVB, expecting a great “I've done it!”. Instead, again, click, click, click... My head against the wall. 
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After other hours, the solution: for a kind of prudence, I used the dummy load resistors half of 
their recommended values. “if they are enough for the inverter, they will be enough for the 
LVB”, I thought. It is not so. So, the second LVB rule: 


« the HEPS requires a good charge on its outputs. Always use the recommended resistance value for the 
dummy load. 


In the middle, the donkey mounted reversed one of the 10 uF capacitor, and that required some 
extra time, but it is not a HEPS’s fault. 


Adjustments 


Once you have repaired your HEPS, remount it in the mainframe, studying very carefully the 
path of each cable. Always pay close attention to not disturb the socketed transistors. 


Then don't forget the final tuning, not difficult indeed: 

¢ adjust the voltage at TP1625 (accessible via an hole on the bottom of the HEPS), turning 
R1293 (it also via another hole on the bottom). The prescribed value is 50 V respect to frame 
ground for 7844, but it was reduced to 40 V on the subsequent editions of 7904 etc. I set 40V. 
It is normal that this trimmer has a very wide adjustment range, so it must be turned 
carefully. 

¢ adjust the voltage at the —50 V test point on respect to the GND test point, acting on R1513 
(all the three ate on the LVB). Repeat the adjustment at TP1625, the two are interdependent. 


The murder 


But, eventually, who was the murder? In reality the murders were two, not 
one, and both had been arrested independently from the investigations. The 
first was VR1505 Zener diode on the LVB, that I discovered at the beginning 
with the coward’s tactic. But it was not alone. The other was another Zener 
diode: VR1297, that the friend Mark Vincent on Tekscopes@group.io had 
suggested me. All the remaining was generated by crossed mistakes (of the 
donkey) and by my curiosity to understand the mysteries of the HEPS. 
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Conclusions 
C olo CS C all help I hope that all this information can help you in your investigations. The HEPS is really 


complex, and perhaps much other remained outside this work. It’s the second time that I 
dismount the 7844’s HEPS, the first was to recap the CRB, because the readout characters 
danced visibly. 


| 


That work was for me psychologically difficult, for the large number of components to take 
apart and the possibility to make mistakes, with all those cables and connectors. In the 
previous pages, you can see the recapped rectifier board, purpose of my first work on the 
HEPS. 


Generally speaking, I am not in favor of indiscriminate dismantling, on the contrary, Iam 
always afraid of combining some troubles and causing damage to my beloved objects. In the 
past I was not so scary, but when you work in an industry you always take in account to break 
something and you have a more or less unlimited availability of spare parts. With our old 
oscilloscopes, a damage could be almost impossible to fix, and anyway you have to stop your 
work and wait weeks for the spare parts. 


This second time I had no choice: the 7844 was absolutely dead and I had little to lose. I must 
say that the first time I was more scared because I was wandering outside the Pillars of 
Hercules, in a unknown and insidious sea. This time, after so many tests and investigations, I 
feel more confident, at least because I better know where and which can be the hazards. 


The colors can help avoiding errors. In the center detail the LVB test points, that, remember, are on the voltage sense 
sense lines (the brown connector). They are the real voltages that the mainframe sees. In the detail, the correct inter- References 
pretation of these test points. The labels can be misleading and more times I have read them in the wrong way. 


¢ [1] Servicing Tek 7904 Power Supply, Tekscopes March 1971; 
¢ [2] 7904 oscilloscope SN 8260000-up instruction manual, first printing September 1977, 
revised May 1983, from page 4.8 onward (P/N 070-2390-00) 


° [3] 7844/R7844 dual-beam oscilloscope with options service instruction manual, first 
printing September 1974, revised October 1981 (P/N 070-1676-02) 
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7000-Series restoration / power supply 
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The donkey and. 
contributions 


I have with me, as an helper, a donkey (that looks like me, but absolutely is not me... uhm...), who 
during my investigation made some silly but strongly time-waster mistakes, as: 
¢ checking Q1254; he was able to reset it in its socket in the wrong position (not easy). That led to 
the entire PSIB analysis, that I could have saved; 
* mounting reversed one of the 10 uF capacitor on the dummy load. The sly capacitor silently 
refused to burst, and so panic and a lot of time wasted; 
* mounting a connector in a wrong position, risking huge damages (luckily, it went well...). 


7000-Series restoration / power supply 


I tried to distill in these notes a week spent with my head and my hands inside the HEPS, but 
probably many of this book’s readers have much more experience than me and the donkey together. 


Iwill be glad to receive suggestions, corrections and integrations to what I wrote, that I will use for 
the next editions. Thanks for any contribution. 


HO4 
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Not 7000-Series... Iam not sure how all that could happen... 


Maybe I fall in love too easily. 
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The 465 | 
can travel 
with you. 


This is not 7000-Series, but I like it so much and I don't 
want to ignore it. The Tektronix 465 is a portable 

100 MHz dual-trace oscilloscope with dual time-bases, 
introduced in November 1972, based on the same tech- 
nology as 7000-Series. It is all solid-state except for 
the CRT. The 465 was very popular and Tek made 
them for quite a few years. According TekWiki, micro- 
fiche records tell about 37 variations of the 465. 


Added section / Stowaways 


I consider it something like a portable version of the 
7603, with 7B53A and 7A26 plug-ins (without readout, 
but with a smart backlighted V/div knob, a poor man 
substitute for the readout...). 


The delaying time base uses a knob similar to 7B53 
7000-Series plug-in, but with a slightly different 
logic: instead of a not-always-intuitive pull & push, 
the 465 allows to explicitly request what you want to 
see, by mean of four dedicated buttons. 


Still today, the 465 is very practical and pleasant to 
use. No surprise that it was so successfully when in- 
troduced. You can still find 465/475s on eBay for 
40-50€. 
My 465, after all these years, is still well cali- 
brated and outperforms the declared band- 
width by more than 30%. 


RF Recapping th e 4G 5" 


The 465, as the similar members of the family, are very well 
engineered and use at best the available volumes; that is 
positive but makes it more difficult to work on them. 


My 465 arrived to its new home as “spares only”. As I hoped, 
it had only the power supply filter capacitors defective. You 
ean easily check them and add some external capacitors as 
shown in photo ® (old ones normally don't explode, they just 
become open) to see it alive. Replacing them is however not 
very easy and, to avoid damaging the PCB, require some 
dismantling. To remove them I use an electric saw and some 
hard work (photo ©). 


Added section / Stowaways 


When you install the new capacitors, be sure to restore the 
connection that were made by the capacitor body itself 
(wires enhanced in red in photo @). 


reduced x4). Like many other Tektronix devices of that 
time, the real attenuators are made by unrepairable, 
pre-built modules (photo @). They can be easily 
_\ removed, simply pulling them out; doing so, you can 
comfortably get access to the underlying Gold plated 
contacts, where normally the devil lurks... (photo @). 


\ 


In most cases, WD40 Contact (not normal WD4o!) and 
a soft, small brush are enough for cleaning. In few cases, 
you will need and ultra-fine sandpaper and a very delicate 
hand to restore them into operation. 


As indicated in other part, my 465 presents an impressing 135 
MHz bandwidth, still exceeding the nominal value (100 MHz). 


Attenuators Amplifier 
X100 | X10 X4 X2 
SmV 
10mV x 
20mV x 
50mV x 
0.1V X x 
0.2V X x 
0.5V | xX 
1V X x 
av X X 
5V X x 
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The 465 attenuator _ 


Often the vertical input attenuator is the first part that gives problem, especially for the noisy switche. 
So, understanding how it works is convenient to remedy the defects. The 465 uses two real 
attenuators (X10 and X100) and an amplification reduction with three levels (X1, reduced X2, 


Added section / Stowaways 
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Revision history bout me 


Main models comparison table: corrected the CRT size for 7613, 23, and 33. Some 
hyperlinks replaced true web addresses and page references. Article added by Dr. 
Hugo Holden. Article added by Dr. Eldon Berg. Added pages on HP-180. Four pages 
added on writing speed comparison. New pages on DC restorers. New pages on High 
Voltage. New pages on vertical amplifiers. 7854 fully revised and extended. New 
ePROM board from VintageTEK museum. Restoration part reorganized. Pages added 
on radioactivity. Pages added on 7603 vertical amplifier dismounted. Added the 
following plug-ins: 7B92A, 7A16P, 7D12, 7A19. Pages added on optical filters. Pages 
added on 7A18 calibration. Pages added on relay exerciser. An entire section added 
for the High Efficiency Power Supply (HEPS). Notes on semiconductor checking. 
Notes on flat cable connectors. HP54502A added. Added connectors maps for 
Readout board and for 7844 Logic board. 7704 added. Added “future” section and 
11000-Series. Better explanation of the 7854 GND button. 


7603 big drawing added with boards location. Added pages on fan and 440Hz. Page added on 
plastics. 7844 rewritten, with more photos. Photos added on 7904. 7854 added. Section added 
on VintageTEK museum. Added pages on Digital Equipment PDP-8. Added pages with the 
photo-list of mainframes. 7A24 added. Pages added about prices. Revised page on 7833 and 
added pages with 7834 and 7934. Added pages on ripple measurement.Pages added on lamps. 
Notes added on 7A22 fuses. Added pages on the amplifiers comparison among models. 


The instruction for the vertical amplifiers calibration have been moved to the “Restoring Tek 
scopes” section. Pages added to explain the 7A13 attenuation circuits. Pages added about 
relays restoration. Revised the page on Tek relay. In consequence, the notes on potentiometers 
have been moved to dedicated pages. Added pages on Tek switches restoration. Added pages 
on prices in the time analysis. Added pages on 7A12, 7B80, 7B85. Added four pages on the 
readout system. Added pages about the challenge of 7633 with HP545902A. Added pages 
about 76x3 key enlightenment. Page added on plug-in front panels. Pages added on 465 
oscilloscope. Pages added on bandwidth & rise time. Pages added on illuminated push buttons. 
Pages added on CRT display information content. Pages added on models comparison. Added 
a section on 7603 wiring. Added pages on 7603 base model. Added pages about distributed 
plates. Added pages about 7844. Added pages about oscilloscope photo cameras. Pages added 
on negative options. Many corrections. 


a September, 15, First edition (2022) independent from the Photo Parade book. A lot of things added and 
: 2022 revised. 
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